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INTRODUCTION 
For a longtime, scientists throughout the world have 
sought a way to solve the problem of soil loss from crop­
lands. According to Meyer and Mannering (1967), erosion is 
a dominant problem on 95 million hectares of cropland in the 
United States. Water erosion is the dominant problem on 72 
million hectares, and the remainder is affected primarily by 
wind erosion (22 million hectares). 
Many areas of sloping land, which once eroded very 
little, are now eroding seriously. Much of this change is 
due to tilling previously untilled land. As the human popu­
lation density increases, more and more food is required and 
this food production makes man's activities increase with 
time, which in turn causes more erosion. An estimated 4 
billion tons of sediment enter United States surface water 
annually (Williams, 1967), compared to 3 billion tons esti­
mated almost 30 years earlier (Bennett, 1939). 
Most sediment that erodes settles out of the water 
before reaching major streams or reservoirs. The rate and 
location of this settling are functions of many variables. 
In non-turbulent water, one factor that determines location 
and rate of settling is the particle size distribution of the 
sediment being transported. While Davis et al. (1978) 
believe that particle density has a greater effect on the 
transport-deposition behavior than does particle size. 
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Meyer and Harmon (1977) indicate that transport is more 
sensitive to the large variation in sediment size. In any 
case, little information is available on the size distribu­
tion of the eroded sediment. 
The size distribution of eroded sediment is also needed 
to predict nutrient transport from agricultural lands. Most 
research has obtained only sediment weights. The signifi­
cance of evaluating sediment size as the sediment actually 
exists rather than after it is dispersed should be recognized 
since smaller aggregates of 0.15 - 0.42 mm in diameter tend 
to contain a larger content of clay and organic matter than 
do the large aggregates or the whole soil (Garey, 1954). 
Burwell et al. (1977) found that 94 percent of nitrogen and 
82 percent of the average annual phosphorus lost in surface 
runoff from two contoured corn watersheds were transported 
with sediments. Alberts and Moldenhauer (1978) reported 
that nutrient concentrations found in the greater than 2, 
2 to 1, 1 to 0.5, and 0.5 to 0.21 mm sized aggregates were 
similar, while nutrient concentrations of the 0.21 to 0.05 
mm sized aggregates were about 20 percent higher than the 
concentration in the other size fractions. Losses of a 
number of pesticides in runoff water, notably the chlori­
nated hydrocarbons and organo phosphates, are also greatly 
reduced if sediment loss is eliminated (Holt et al., 1973). 
The amount of chemicals adsorbed on soil particles depends 
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on a soil's specific surface area, and this in turn depends 
on the particle size distribution and clay type (Bailey and 
White, 1964). 
The degree of soil aggregation is an important factor 
to be considered in soil erosion. As the degree of aggrega­
tion increases, the rate of dispersion decreases; the 
porosity, rate of water absorption and water percolation 
increase; and the soil resistance to erosion increases. 
Coarse or highly aggregated soils usually have high infiltra­
tion rates and are more resistant to erosion and transport 
than soils with finer textures. 
Crop residue on the soil surface absorbs rainfall energy 
and decreases sealing of the soil surface. The infiltration 
rate remains high for a longer period during rainfall and 
the runoff takes a longer time to start, thus allowing less 
soil losses from croplands. 
Recently research has been conducted to choose the best 
system of tillage and crop rotations in order to reduce the 
amount of soil losses for different crops and different 
locations (Moldenhauer et al., 1971; Wischmeier, 1973; 
Wittmus et al., 1971; Laflen et al., 1978). The present 
research should be considered as a part of that overall 
effort. Specific objectives of the present study are: 
1) To determine the effect of tillage and crop rota­
tion on the size distribution of eroded sediment 
4 
in runoff water; 
2) To determine the effect of tillage and crop rota­
tion on change in aggregate size distribution of 
the surface soil caused by a storm. 
Techniques proposed to improve sediment yield predic­
tions from farm fields, terrace systems, and watersheds 
require such information (Meyer et al., 1978). 
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REVIEW OF LITERATURE 
Introduction 
Soil erosion by water is a complex process of detachment 
and transportation of soil materials. The driving force is 
rainfall, an uncontrolled climatic factor. The study of soil 
erosion is very complex and time consuming. There is no 
sensible way to study simultaneously all of the soil-
climatic variables and their interactions. 
Countless research workers have contributed to under­
standing the mechanics of soil erosion by water. This knowl­
edge was obtained in a step-by-step process. This literature 
review is an attempt to outline some of the more important 
advances in knowledge about soil erosion by water and the 
role of sediment and aggregate size distribution in water 
erosion. 
Soil Loss Studies that Contributed to 
the Universal Soil Loss Equation 
In the United States, first studies of soil erosion 
caused primarily by rain occurred about 1929 when soil 
conservation scientists began collecting basic rainfall-
erosion data on plots at experimental stations. 
Using all of the data available in the United States 
where runoff had been collected for a 10-year period, Zingg 
(1940) proposed an equation relating soil loss rate to 
degree and length of slope. 
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The equation was 
A = C sl'4 l1.6 (1) 
where A represents total soil loss in tons/acre, 
S is the degree of slope in percent, 
L is the length of slope in feet, and 
C is a constant, depending on the soil. 
In the same year, Knoblauch and Haynes (1940) found that 
the peak flow of runoff from corn planted on the contour was 
lower for all rains studied than it was from corn planted and 
cultivated with the slope. These scientists did not propose 
an equation, but they alerted new researchers about the 
problem. 
Smith (1941) using plot data from three treatments on 
the Bethany, Missouri station showed that crops and conser­
vation practices should be considered as well as the length 
and percentage of slope. He developed an equation to provide 
for the effect of those practices. The new equation took 
the form 
L = (A^/P C)5/3 (2) 
where A^ represents the soil loss with a given practice in 
tons/acre, 
P is the ratio of A^/A, where A is given by equation 
1, and 
C is a constant which expresses the effect of weather, 
soil, crop, degree of erosion or soil treatment 
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on soil losses. 
Smith (1941) applied this equation to different crops 
and conservation practices, introduced the concepts of a 
specified soil loss limit, and developed a graphic method 
for determining conservation practices needed on the Shelby 
and associated soils of the Midwest. 
Browning and co-workers (1947), after studying the 
factors contained in the equation, decided that it would be 
more convenient to develop a series of other factors in 
order to improve the use of the equation. They added soil 
erodibility and management factors and prepared a set of 
tables to simplify field use of the equation for the state 
of Iowa in the Corn Belt region.. 
After summarizing 5 to 15 years of data from each of 19 
research stations, Musgrave (1947) evaluated a set of 
erosion factors quantitatively. These factors included 
rainfall, degree and length of slope, vegetal cover, and soil 
characteristics. He then estimated the relative erodibility 
of several soils. 
Smith and Whitt (1948) emphasized the importance of the 
cropping factor C in altering erosion rates and in being 
the tool by which much had been accomplished in control of 
erosion. They also commented on Musgrave's 1947 soil loss 
equation, 
A = C S L K P (3) 
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in which A = the average annual soil loss in tons/acre, 
C = the average annual rotation soil loss from 
plots in tons/acre, and 
S, L, K and P were multipliers to adjust the plot 
soil loss for percent of land slope, slope 
length, soil group and supporting conserva­
tion practices, respectively, when their field 
values were different from their plot values. 
Several research workers have improved or tested the 
equation in different regions in the United States (Lloyd 
and Eley, 1952; Van Doren and Bartelli, 1956; Smith and 
Wischmeier, 1957; Wischmeier and Smith, 1958; Wischmeier 
et al., 1958; Wischmeier, 1959, 1960, 1962; Springer et 
al., 1963; Thoreson and Maddy, 1963; Longley and Bondy, 1963; 
and Olson and Wischmeier, 1963) . 
These developments freed the equation from some of the 
generalizations and the geographic and climatic restrictions 
inherent in earlier models. The equation was published in 
the Agriculture Handbook n. 282 with the name of Universal 
Soil Loss Equation (USLE) by Wischmeier and Smith (1965). 
Its present form is 
A = R K L S C P  ( 4 )  
where A = the average soil loss per unit area, 
R = the rainfall factor, 
K = the soil erodibility factor. 
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L = the slope length factor, 
S = the steepness factor, 
C = the cropping management factor, and 
P = the erosion-control practice factor. 
The USLE equation contains the factor R, a climate 
factor, and the factor K, a soil factor, both uncontrollable. 
The product factor LS can be modified by terraces or strip 
crop to alter the length of slope (L) value. 
The crop-management factor C and the conservation prac­
tice factor P are easily altered by man and are the ones on 
which soil erosion research has concentrated in recent 
years. Some research also is being conducted on other 
factors (Foster and Wischmeier, 1974; Foster et al., 1977a 
and 1977b). 
After the USLE publication in 1965, the research workers 
continued to work to increase the utility of the USLE for 
estimating average annual water erosion. The research 
results were finally summarized by Wischmeier and Smith 
(1978) that described the USLE improvements in Agriculture 
Handbook n. 537. 
Most of the research cited above was possible only 
after studies by Laws (1940-1941) and Laws and Parsons (1943) 
that provided basic background. Rainfall simulation depended 
on these advances. Meyer and McCune (1958) developed a 
rainfall simulator embodying a number of desired rainfall 
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characteristics. More recently, Swanson (1965) developed a 
new rainfall simulator by keeping the good characteristics 
from the rainulator of Meyer and McCune (1958) while reduc­
ing time and labor requirements. 
Conservation Tillage Systems 
and Soil Losses 
For some years, research workers have been investigat­
ing a kind of soil and crop management system called conser­
vation tillage that reduces energy requirement and soil 
erosion (Olson, 1977). Conservation tillage includes till­
age systems that (a) minimize the intensity of surface 
tillage and traffic, (b) leave the surface rough and cloddy, 
(c) utilize plant residues to protect the soil surface, and 
(d) maximize the permeability of the soil profile (Meyer and 
Mannering, 1967). 
There are many forms of conservation tillage. Chisel 
plow tillage, often referred to as mulch tillage, is a form 
of conservation tillage that has increased in the Corn Belt 
since about 1967 (Siemens and Oschwald, 1976). More 
recently, no tillage or zero tillage systems have received 
considerable attention. 
The effects of various rates of residue mulch on soil 
loss have been evaluated (Meyer, 1960; Meyer et al., 1970). 
The effectiveness of conservation tillage practices and the 
surface conditions induced by various forms df reduced 
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tillage has been evaluated by Wischmeier (19 73). 
McGregor et al. (1975) reported that adoption of no-till 
cropping practices would solve many erosion problems caused 
by current tillage practices. They measured 1.57 metric 
ton/ha soil loss from a no-till treatment compared to 20.2 
ton/ha when conventional tillage was used. 
Allen and Fryrear (1977) reported that soil loss during 
fallow was reduced 95 percent with stubble mulch. In the 
subsequent growth period for wheat, soil loss was reduced 
88 percent and runoff 57 percent by stubble mulch. 
Siemens and Oschwald (1978) compared fall moldboard 
plowing with six conservation tillage systems. They con­
cluded that conservation tillage systems greatly reduced soil 
loss caused by simulated rain, but yields were lower with the 
conservation tillages and total costs for the different 
systems were equivalent. 
Onstad (1972) found that the 5 year average soil loss 
from corn land was higher on conventionally tilled plots 
than on a contoured till-plant treatment. 
Laflen et al. (1978) reported that soil loss decreased 
as tillage decreased in six different tillage practices for 
continuous corn. They also developed a mulch factor-residue 
cover relation for each of 3 soils (Ida, Kenyon, and Tama). 
McDowel et al. (1978) found that soil loss from no-till 
soybeans was only 0.4 ton/ha compared with 29 ton/ha from 
12 
conventionally tilled soybeans. They also reported that the 
total losses of nitrogen and phosphorus from no-till soybeans 
were about one-tenth and one-sixth, respectively, of those 
from conventional tillage. 
McGregor (1978) determined the C factor for no-till and 
conventional-till soybeans in a 4-year period. The C value 
for no-till reflected the conservation benefits of this 
method when compared with conventional tillage. 
Mannering and Johnson (1969) compared the effects of 
crop row spacing on erosion from soybeans and corn land and 
concluded that from the erosion control standpoint, the use 
of narrow rows for soybeans would appear to be more bene­
ficial than narrow rows for corn, because of the compara­
tively greater soil-loss reductions. 
Working with corn and soybeans, Oschwald and Siemens 
(1976) reported that soil losses may be lower for soybeans 
than for corn if canopy development with soybeans is faster 
and more complete; however, soil erosion following soybeans 
is often more severe than that after corn. 
Valuable contributions on infiltration and erosion as 
affected by surface mulch, minimum tillage, and rotations 
have been provided by Meyer and Mannering (1963), Mannering 
and Meyer (1963), Mannering, Meyer, and Johnson (1966, 1968) 
respectively. These authors have concluded that soil erosion 
is reduced by treatments that provide enough cover to 
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intercept falling raindrops, thus dissipating their energy, 
preventing detachment of soil particles, and reducing seal­
ing of the soil surface. If no surface seal or crust is 
formed, more water moves into the profile rather than moving 
off as surface runoff. 
Moldenhauer et al. (1971) studied the effects of till­
age practices on water and soil losses from Marshall silt 
loam soils on 3.4, 6.9 and 9.0 percent slopes. The tillage 
practices were: (a) conventional, (b) till-plant, and 
(c) ridge. Before rainfall was applied, the corn residue was 
adjusted to 1.5 ton/acre on all plots. Rainfall was applied 
at the rate of 2.5 inches/hour for 1.4 hours the first day 
and 1.0 hour the second day. The ridge system was highly 
effective in reducing soil loss when compared to the conven­
tional and till-plant systems. Soil losses on the 3.4 per­
cent slope for the conventional, till plant, and ridge 
systems were 20.1, 11.3, and 6.8 tons/acre respectively. 
Slope had little effect on water losses, but soil losses 
increased with slope except for the ridge system. Soil 
losses on the 9.0 percent slope for the conventional, till-
plant and ridge system were 36.7, 25.0 and 5.9 ton/acre 
respectively. Water losses from the ridge system were 
higher than from the other two tillage systems; this result 
was attributed to mulches having more effect on infiltration 
in tilled than untilled soil. 
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Soil Aggregation 
Soil aggregation is one of the most important dynamic 
properties of soils to be considered by research workers 
dealing with soil tilth, erosion control and other problems 
in soil physics. It has been the subject of studies by 
several investigators in the last forty years. 
Mechanical manipulation changes the structural condition 
of the surface layer of soil to a considerable extent. 
According to Baver (1932), the most manipulative operations 
are designed to promote soil granulation, that is, to change 
large clods to smaller ones and to break up apparent crumb-
less soil mass into ones that are granulated. 
The soil under soybeans will remain loose throughout 
the season, and soybean roots and nodules in a soil materi­
ally increase the number of larger sized aggregates 
(Browning et al., 1942). 
One should keep in mind that any granulation caused by 
tillage is more or less temporary, and restoration of granu­
lation only is possible if the soil is manipulated at the 
correct moisture content. Pereira et al. (1975) reported 
the probable range of moisture content to carry out agri­
cultural work preserving the good physical conditions in 
soils belonging to four large distinct groups in Brazil. 
The soil-air-water relationships are optimized around 
the degree of soil pulverization, but excessive tillage is 
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more harmful than too little tillage (Yoder, 1937; Jain and 
Agrawal, 1970). 
Aggregation studies have emphasized the fact that soil 
structure is a dynamic property of the soil- Each crop and 
cultural operation leaves its effects on soil structure 
(Richards et al., 1948) . According to Russel (1949), the 
most promising approach to evaluate soil structure, as it 
affects plant growth, lies in describing the air, water, 
temperature and compaction conditions that greatly influence 
root activity and plant growth. 
One measure of soil aggregation is based upon the 
slaking property of soils. Yoder (1936) modified the sieve 
method of aggregate analysis proposed by Tiulin (1928). 
Yoder's method consisted of sieving the soil sample immersed 
in water. This process causes the entrapped air to explode 
and the soil mass (lump) is shattered into small aggregates 
termed "water stable aggregates". 
Since so many factors and processes are involved in the 
creation and destruction of soil aggregates, the effect of 
the experimental treatments should vary from trial to trial. 
Soil aggregation therefore should be analyzed through a 
procedure which permits statistical analysis for better 
interpretation. Van Bavel (1949) proposed the mean weight-
diameter (MWD) as a sensitive index of aggregation. The 
mean weight diameter is measured graphically from the area 
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under the curve showing the accumulated percentage by weight 
of different sizes of aggregates. The Van Bavel index can 
be used in statistical studies and also has a physical 
significance as it gives an estimate of the average size of 
the soil aggregates and permits the presentation of an aggre­
gate analysis in one figure. Mazurak (1950) used the 
geometric mean to represent his data. He related the geomet­
ric mean to the surface area of the aggregates which is 
important since structural phenomena involve surfaces. 
Schaller and Stockinger (1953) compared five methods 
for expressing aggregation data. Their results indicated 
that a single fraction such as greater than 2 mm or greater 
than 1 mm can be used satisfactorily to express soil aggre­
gation. This method was as reliable as that indicated by 
mean weight diameter and geometric mean. They concluded 
that more replications were necessary when a single fraction 
was used and that final selection of an index for expressing 
soil aggregation must be based on the ability of the index 
to correlate with crop response. 
Gardner (1956) has found that the majority of over 200 
aggregate size distributions which had appeared in the soils 
literature fitted the logarithmic normal distribution, or 
very nearly so. He concluded that in the cases where the 
analytical expression fits the actual distribution, the mean 
diameter and the standard deviation completely specify the 
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distribution over the entire range of sizes. For the remain­
ing distributions, the mean diameter determined from the 50 
percent point on a log probability plot was still a useful 
index of aggregation. 
Youker and McGuinness (1957), by using mean weight 
diameters available from 106 different samples of soil, 
generated a linear equation by least square regression, 
Y = 0.876 X - 0.079 (5) 
where Y = Van Bavel method area measured value, and 
X = calculated value. 
With this equation one calculates the mean weight 
diameter by using the percent retained in each sieve and the 
sieve diameter using a calculator rather than a planimeter 
as in the graphic method of Van Bavel. 
Boodt et al. (1961) compared a soil aggregate water 
stability index termed "change in mean weight diameter" 
(CMWD) with several other stability indexes including geo­
metric mean size of water-stable aggregates (GM) and mean 
weight diameter (MWD). CMWD was defined as the difference 
between or the change in MWD produced on aggregates 
(initially air-dried) by wet-sieving them, when the wet-
sieving is preceded by an artificial rainfall application 
and an incubation. They concluded that the CMWD was the 
most reproducible index tested. It also correlated best 
with yield. 
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Relations Among Soil Aggregation and Plant Growth 
Several research workers have concentrated on under­
standing the soil-plant relationships. As described by 
Russel (1949), the most promising approach to evaluate soil 
structure is "as it affects plant growth". On the other 
hand, the plants also affect structure, which increases the 
soil erosion resistance, and provides better growing condi­
tions for plants. 
A study of the size distribution of soil aggregates 
formed by use of implements was made in India by Nijhawan 
and Dhingra (1947). They concluded that the aggregates 
between 3 and 0.25 mm are the most active and effective 
in developing a good tilth. By determining the dispersion 
coefficient, they also concluded that these aggregates were 
more water resistant than finer ones. They also reported 
that when farm crop plants were grown in beds made up of 
mixtures of aggregates in varying proportions, yields were 
lowest in the soils in which aggregates between 3 and 1 mm 
in size were absent. 
Richards et al. (1948) found a very close correlation 
between percent aggregation and the yield of tomatoes and 
string beans. 
Johnston et al. (1942) also found that the size distri­
bution of soil aggregates was influenced by the cropping 
system. The number of large sized aggregates was in the 
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following order: bluegrass > clover > oats > rotation 
corn > continuous corn. Wilson et al. (1947) found the 
percentage of soil aggregates greater than 2.00 mm was 
higher in August than in May or November, and under differ­
ent crops they were in the following order: continuous 
bluegrass, rotation meadow, rotation corn, and continuous 
corn. This order agreed with the results from Johnston 
et al. (1942). 
Browning et al. (1944) stated that one tills the soil 
to help improve air, water and nutrient relationships for 
plant growth and that the type of soil has a very important 
effect on the tillage requirements. He pointed out the need 
to combine good soil and crop management practices to main­
tain a stable soil structure. He also pointed out the 
importance of supplementing these management practices with 
tillage to further improve the physical conditions of the 
soil for high crop production. 
Gish and Browning (1948) found a marked effect of soil 
and crop management on the size, distribution and stability 
of soil aggregates. On Marshall, Belinda, and Clarion soils 
aggregation under four rotations increased in the order: 
continuous corn, rotation corn, rotation meadow and blue-
grass. They also reported that for the soils studied, the 
number of large aggregates increased from spring to a peak 
in midsummer and then declined gradually throughout the 
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remainder of the growing season. They also observed that 
the moisture content of the soil at the time of sampling 
influenced the amount and stability of soil aggregates. 
Allmaras et al. (1965) studied the soil aggregate size 
distribution for different tillages by taking soil core 
samples in the row zone and sieving the air-dried soil in a 
rotary sieve. They used the log of the geometric mean 
diameter and the standard deviation to compare their treat­
ments. They concluded that the geometric mean diameter and 
the standard deviation in a wheeltrack treatment were much 
larger than in the other treatments (conventional, wheel-
track modified, and plow and plant). 
Hipsley et al. (1978) sampled the top 2 cm of soil in 
the row and between rows and found that between-row aggre­
gates had a larger mean weight diameter than within-row 
aggregates. They also reported that the water stability of 
the aggregates depends as much on the aggregate moisture 
content as upon the tillage treatment. 
Differences in organic matter percentage and mean weight 
diameter of stable aggregates were developed on three tillage 
systems (plow, chisel and no-tillage systems), even though 
the corn grain yields on the three tillage systems were not 
statistically different (Costamagna et al., 1978). 
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Soil Aggregation and the Erosion Process 
From another viewpoint, soil structure (soil aggrega­
tion) can be studied by relating it to the erosion process. 
Several research workers have contributed in this aspect of 
study. 
Elson and Lutz (1940) investigated the relation between 
aggregation and soil erosion and concluded that better 
aggregation resulted in less soil erosion. 
In studies carried out on the effect of cropping prac­
tices on aggregation, organic matter content, and loss of 
soil and water in the Marshall silt loam, the average annual 
soil loss decreased as the number of larger aggregates 
increased (Johnston et al., 1942). 
Wilson and Browning (1945) studied the effect of previ­
ous cropping systems on aggregation, runoff, erosion and 
yields of corn during the period 1943-1945. As soil losses 
decreased from 38.3 tons/acre for continuous corn, 18.4 
for rotation corn, 10.1 for rotation oats, and 0.3 for 
rotation meadow, the relative amounts of aggregates larger 
than 2.00 mm were 100, 340, 450 and 580 respectively. They 
also reported that the percentage aggregates greater than 
0.25 mm for different crops were in a similar order to that 
found by Johnston et al. (1942), but the order was reversed 
for soil loss and runoff. As the percentage aggregates 
greater than 0.25 mm increased, soil and water losses 
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decrease. 
Rai et al. (1954) subjected soil aggregates of various 
sizes to simulated rainfall and found that the intensity of 
erosion progressively increased as aggregate size decreased 
from 1000 to 500 microns, but a much greater increase 
occurred as size was decreased further. They found that 
erosion losses increased markedly when the mean diameter of 
the aggregate was less than 750 microns. 
Baver (1935) observed a high correlation between the 
percentage of aggregates larger than 0.05 mm and the carbon 
content of a large number of different soils. The correla­
tion for aggregates larger than 0.1 mm was still higher, 
which made him conclude that organic matter was conducive 
to the formation of relatively large stable aggregates. 
Quirk and Panabokke (1962) found that when organic 
matter content was high, water entered immersed aggregates 
more slowly, resulting in less aggregate breakdown. Thus, 
soil high in organic matter tends to be more resistant to 
the erosive force of flowing water impeding the formation 
of rills. 
Moldenhauer (1970) made a laboratory study to determine 
the effect of clod size distribution on time required to 
initiate surface runoff. He concluded that the energy to 
initiate runoff from continuous corn plots showed no 
significant difference between soil types or between clod 
23 
bed size ranges from 2 to 40 mm. As the lower limit in­
creased to 8 mm, the energy to initiate runoff increased 
significantly in the Ida and Kenyon but not in the Luton 
soils. He also reported that the energy to initiate in the 
30 to 40 mm clod bed was significantly higher than in any 
other size range and soil types were significantly different 
from each other, ranging as follows: Ida silt loam > Kenyon 
loam > Marshall silt clay loam > Luton silty clay. 
Adams et al. (1958) selected 8 Iowa soils, which ranged 
in texture from a loamy fine sand to a silty clay loam, to 
study erodibility. They reported that soils which break 
down into many very small aggregates or primary particles 
would be considered more erodible than soils which break 
down into intermediate size aggregates or remain stable. 
They found the following order for the aggregate percentage 
finer than 0.10 mm: Webster < Clarion < Grundy < Marshall < 
Monona < Ida, but these results did not agree with their 
results about wash, splash or total erosion. 
By using a laboratory rainfall simulator. Young and 
Onstad (1978) separated soil loss into that originating in 
the rill and interrill areas. They related the losses to 
soil aggregation, aggregate stability, soil organic matter 
content and particle size distribution. They concluded that 
soils with a high degree of aggregation and relatively 
water stable aggregates are less susceptible to interrill 
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erosion or erosion by raindrop than more poorly aggregated 
soils. However, soil low in organic matter is much more 
susceptible to the erosive action of flowing water and hence 
tends to rill more readily. 
Costamagna et al. (1978) , working with three tillage 
systems for maize on a poorly drained soil, concluded that 
greater organic matter percentage and greater mean weight 
diameter of water stable aggregates developed under chisel 
and no-till than under the plow system of cultivation. 
Effect of the Raindrop on Soil Surface 
Studies have been conducted since 1940 to determine the 
effect of rainfall on the soil surface. 
Laws (1941) discovered that the rate of infiltration 
after 3/4 hr. of rainfall decreased with an increase in the 
kinetic energy of the drops falling per unit area. He also 
found that the erosional losses, which were measured in 
terras of the concentration of the soil in the runoff water, 
increased as much as 1200 percent as the drop sizes were 
increased. 
Ellison (1944a) in experimental studies of raindrop 
splash reported maximum distance of splash for drops of 
different sizes falling at several velocities. Results of 
this study also showed that the samples of splash contained 
72.2 percent of aggregates smaller than 0.105 mm as compared 
with 53.55 percent in the original soils. Such increase 
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according to Ellison (1944a) could be caused by either (1) the 
large aggregates breaking down under the impact of raindrops, 
(2) the large aggregates being carried away by surface flow, 
or (3) the large aggregates being left on the surface of the 
plot and not carried by either raindrops or surface flow. 
Experimental studies of the soil aggregate and particle 
sizes contained in the raindrop splash and in the surface 
flow indicate that the raindrop splash carries higher per­
centages of large particles and aggregates than does surface 
flow in the pre-channel stages (Ellison, 1944b). 
Mihara (1951) found that about one-third of the raindrop 
momentum was used for the generation of spray and the remain­
ing two-thirds was dissipated as pressure against the sand 
surface it struck. Mihara concluded that the main role of 
the plant canopy was to slow down the drop velocity, thus 
decreasing its kinetic energy. He also concluded that the 
impact of raindrop was the main cause of sheet erosion, and 
he suggested that precipitation be reported as kinetic 
energy determined from intensity rather than amount. 
The importance of water stable aggregates to resist 
detachment of particles by raindrops was demonstrated by 
Mazurak and Mosher (1970) who compared natural aggregates 
with aggregates previously treated with Krilium to increase 
their water stability. They concluded that water stable 
aggregates larger than 4760 microns in diameter were not 
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readily detached from the surface by the large simulated 
raindrops. 
Mazurak et al. (1975) studied the effect of very heavy 
applications of manure on the detachment of soil particles 
and aggregates by using simulated rainfall on undisturbed 
soil cores. They concluded that 45 to 80 percent of the 
soil consisted of aggregates larger than 50 microns in 
diameter and the size of the largest aggregates in the splash 
increased progressively from less than 1190 microns in 
diameter in the non-manured soil to less than 4760 microns 
on plots manured with 415 metric ton/ha per year. They also 
concluded that aggregates from the manured plots were 
separated more easily by the impact of simulated raindrop, 
but are not easily dispersed because the manured soils con­
tained more aggregates than non-manured ones in the splash. 
Clark (1940) found that the percentage of interception 
of rainfall varied with the intensity of the rainfall, 
density of foliage cover and environmental conditions. The 
maximum capacity of interception per unit of cover area from 
dead plant material was larger than that of living plant 
materials with similar conditions. 
A canopy that protected soil from raindrop impact 
greatly reduced erosion (Young and Wiersma, 1973). A canopy 
also reduced rill erosion to less than half that without 
canopy and effectively eliminated interrill erosion (Meyer 
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et al., 1975a) because it reduced soil detachment, splash 
movement, and soil surface sealing caused by drop impact. 
Still Meyer et al. (1975b) also reported that when the soil 
surface is well-covered by a canopy that dissipates rain­
drop impact, soil movement by splash is usually insignifi­
cant. 
Lattanzi et al. (1974) reported the influence of the 
rate of straw mulch on splash erosion. They found that 
0.5 ton/ha approximately halved the rate of splash movement, 
2.0 ton/ha reduced it to around 10 percent of that with no 
mulch, and splash erosion was essentially nil at 8 ton/ha. 
They also found that the rate of soil movement by splash was 
greatest during the initial run and decreased during succes­
sive runs. This decrease was attributed to removal of 
particles that could be readily splashed and to progressive 
sealing of the soil surface by raindrop impact. 
Borst and Woodburn (1942) concluded that interference 
with overland flow, when plots were surface mulched, was 
not of great importance in reducing soil loss. Elimination 
of raindrop impact rather than reduction of overland flow 
velocity was the major contribution of the mulch. When a 
mulch, which was supported 1 inch above the surface of a 
sealed plot, was removed quickly during rain, the soil con­
centration in the runoff increased 6 times. The same degree 
of erosion control was given by a mulch separated 1 inch 
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above a sealed plot as when left on the surface. 
Osborn (1950) presented data showing that for effective 
control of raindrop energy, approximately 200 lbs/acre of 
short grasses, 3500 lbs/acre of ordinary crops or grasses 
or 6000 lbs/acre of tall coarse crops and weeds were 
necessary. 
Laboratory studies from Palmer (1965) suggested that 
mulch and canopy cover increases in importance after having 
a thin water layer covering the soil surface because the 
raindrop impact forces will be increased in such a condition. 
Aggregated Particles in Eroded Soils 
As it becomes more difficult to disperse the particles 
of a soil; the less will be erosion. Soils in which smaller 
particles are aggregated into granules because of organic 
matter and lime are fairly resistant to dispersion and, 
consequently, should be somewhat more resistant to erosion 
(Baver, 1932). Soils vary widely in their physical and chem­
ical properties and some of the properties are dynamic 
rather than static. Because of these facts, one should not 
expect the same behavior from different soils submitted to 
the same process. 
Yoder (1936) and Diesker and Yoder (1936) reported that 
the eroded soil was composed almost entirely of aggregates 
rather than of discrete particles. Long's (1964) conclusions 
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agreed with Yoder and with Diesker and Yoder. He determined 
the density of wet aggregates from eroded soil samples. He 
compared the primary and aggregate particle distribution 
from the eroded soil and concluded that most of the soil is 
eroded as aggregates. By studying the percent of organic 
matter on the eroded soil samples, he also suggested that 
the sand-sized aggregates contain more clay particles than 
the silt-sized aggregates because organic matter is usually 
more closely associated with the clay fraction in the soil 
than with the sand or silt fraction. 
Weakly (1962) studied aggregate size distribution on a 
Tripp fine sandy loam where sugar beets and corn were furrow 
irrigated and on Pullman silty clay loam where cotton was 
furrow irrigated. He reported that sugar beets provided 
almost a complete canopy with higher protection from impact 
of drops on the soil surface than corn and cotton. He used 
the hydrometer method to determine aggregate sizes smaller 
than 50 microns and sieves for larger fraction. On the 
Tripp fine sandy loam, for both sugar beets and corn, he 
found that sediments with a fall velocity equivalent to the 
20-50 microns size range were primary particles, while the 
Pullman silty loam was highly aggregated. He also reported 
that for the 5-20 microns size range both soils were aggre­
gated, and no particles were detected in the 5-2 microns 
range. 
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Doty and Carter (1964) have shown that sediment con­
centrations in runoff from small plots and size distribution 
of the eroded soil vary with time during a runoff event. 
Swanson et al. (1965) also studied aggregate and parti­
cle size distribution on two different soils, namely: Keith 
very fine sandy loam and Sharpsburg silty clay loam. For the 
Keith soil, they found that 45 percent of aggregates in the 
eroded soil material had diameters less than 50 microns while 
the Sharpsburg had only 25 percent. Swanson et al. (1965) 
also reported that comparisons of the eroded material with 
the soil surface before the storms for Keith soil revealed 
that 55 percent of the ultimate particles in the eroded 
material were less than 50 microns compared with 32 percent 
from the soil surface. For the Sharpsburg soil, this com­
parison resulted in 91 percent in the eroded material com­
pared with 80 percent from the soil surface. In the same 
study Swanson et al. (1965) found that the soil particle 
size distribution did not change significantly in successive 
samples taken at uniform time intervals during a storm and 
that aggregates ranging from 2000 to 100 microns in diameter 
were composed of similar particle size distributions. 
Swanson and Dedrick (1967) reported that considerable 
change in the aggregate size distribution takes place 
progressively through an initial simulated rainstorm. With 
continued rainfall, this change decreases to a point where 
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the aggregate distribution of the eroded material becomes 
nearly stable. They also found that eroded soil material 
was highly aggregated with 49 percent of aggregate less than 
50 microns in diameter, but eroded soil material was finer 
textured than the original soil surface which agreed with 
results published in a previous paper (Swanson et al., 1965). 
Observation of the erosion process on natural soils 
during simulated rainstorms indicated that a large fraction 
of the transported soil moves by saltation and by rolling 
along the bottom of the small flow channels. Such soil is 
detached and transported in the form of aggregates having 
larger diameters but lower densities than primary particles 
(Moldenhauer and Koswara, 1968). 
Most conservation practices increase water intake rates, 
thus reducing erosion losses. As a result, decreased amounts 
of soil are carried by the decreased runoff, but the soil 
content per acre-foot of runoff is not correspondingly 
decreased. The selective effect of water erosion comes into 
play, and the silt and clay content of the runoff is not 
greatly reduced in many instances (Swanson, 1968). 
Monke et al. (1978) used a hydrometer technique to 
determine the ultimate particle size distribution from three 
eroded soils. They concluded that the particle size distri­
bution was greatly affected by overland flow rates and tilth 
condition. When the clay fraction was well aggregated, the 
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percentage of clay in the runoff was reduced from that in 
the non-eroded condition. Less clay occurred in the runoff 
when soils possessed improved tilth. They also studied 
erosion and nutrient movement from interrill areas and 
concluded that interrill erosion rates increase when over­
land flow increases. Interrill erosion could be greatly 
reduced by an improvement in tilth. 
A set of equations for predicting particle size distri­
bution of eroded soil was developed by Young and Onstad 
(1976) . They used three parameters (particle size distribu­
tion of the matrix soil, organic matter and water content 
at 15 bars pore pressure) and obtained a set of equations 
that gave a reasonable estimate of the particle size distri­
bution that could be expected for eroded soil material. 
Gabriels and Moldenhauer (1978) simulated rainfall on 
aggregated samples from 4 Iowa soils, namely: Ida silt 
loam, Marshall silty clay loam, Luton silty clay and Hagener 
fine sand. They reported that material finer than 2 microns 
coming off in runoff was two to four times greater than that 
of the splash erosion but even the percent in runoff was 
generally one-fourth or less of the percent in the original 
soil. The percentage of the fraction 2-50 microns increased 
with time, while that of the larger fraction decreased but 
the fraction less than 2 microns did not change signifi­
cantly with time. They also reported that the primary 
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particle distribution did not change in each fraction, i.e. 
about the same percentages of sand, silt and clay were found 
in each size fraction within each soil. Differences were 
significant when one soil was compared with another. 
Young et al. (1979) found that the double cropping 
system was the best conservation tillage management practice 
when compared to three other systems. The double cropping 
system produced the least amount of total sediments as well 
as the lowest percentage of smaller particles. 
Laflen et al. (1978) reported that as sediment concen­
tration increased, mean sediment size increased for a soil 
with high percentage of sand (Kenyon) but decreased for a 
soil with a much lower percentage of sand (Tama) and was 
unrelated to sediment concentration for a third soil (Ida). 
Young and Onstad (1978) found that soils with a high 
degree of aggregation and relatively high water-stable 
aggregates are less susceptible to interrill erosion or 
erosion by raindrop than more poorly aggregated soils. 
They also reported that soils low in organic matter are much 
more susceptible to the erosive action of flowing water and, 
hence, tends to rill more readily. 
After studying the sediment size distribution that 
resulted from interrill erosion during simulated rainstorms 
on crop-row sideslopes, Meyer et al. (1978) concluded that 
the sediment changes relatively very little due to crop 
34 
canopy or to continued erosion, at least over a period of 
a few days. They also concluded that sediment size does 
not vary directly with primary particle sizes, since finer 
soils may have coarse sediments due to substantial aggrega­
tion. Meyer et al. (1978) also reported that the size 
distribution of the primary particles that make up partially 
aggregated sediment may be much finer than the sediment 
size distribution but very similar to the size distribution 
of the primary soil particles. 
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PRELIMINARY STUDIES 
Two preliminary tests were conducted to choose the best 
procedure for soil aggregate particle distribution determi­
nations . 
The first test was to choose the best range of aggre­
gate size to constitute the work-sample for the soil aggre­
gate particle distribution determination. 
The second test was to determine if one hour of flood­
ing was enough as a pre-treatment period of the work-sample 
for the soil aggregate particle distribution determination. 
Test 1; Soil Aggregate Work Sample Determination 
Introduction 
The range of the soil aggregate size of the work-sample 
in a study where soil aggregate size distribution determina­
tions are made is an important factor to be considered. 
After a rainfall, some concave points in the land 
accumulate eroded particles. Most of the accumulated 
particles are sand sized because of their large density 
compared to the aggregates. If one wishes to compare aggre­
gate size distribution of the soil in place by using samples 
that were collected from the upper 1 cm soil layer before 
and after rainfall simulation, one should try to get a work-
sample such that there is no influence of the points where 
the samples came from in the plot. 
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The objective of this test was to find the best of 
three ranges of aggregate sizes to constitute the work-
sample for the soil aggregate distribution determination. 
Procedure 
A soil sample from both replicates of a treatment was 
chosen by chance and passed (without forcing) through a 9.52 
mm sieve. The portion that remained on the 9.52 mm sieve 
was discarded. The portion that passed through the 9.52 mm 
sieve was divided into three identical parts. The first 
portion was passed through a 1.00 mm sieve and the second 
through a 2.00 mm sieve, keeping that being retained on the 
sieve as a work-sample. The third portion was not sieved. 
After sieving, the three work-samples were: (1) aggre­
gates smaller than 9.52 mm (Sm952), (2) aggregates between 
9.52 and 1.00 mm (Lg-l), and (3) aggregates between 9.52 and 
2.00 mm (Lg-2). 
Six work-samples were taken from each group and their 
soil aggregate distribution determined as described below. 
A portion of each work-sample was transferred to a 
labelled beaker and oven-dried overnight to determine the 
air-dry moisture content of the work sample. The remainder 
of each work-sample was transferred to a labelled beaker and 
weighed. Over a 20 minute period the work-sample was wetted 
from the bottom (Figure 1), (to avoid entrapped air in the 
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AMOTOR 
Figure 1. View of soil aggregate being wetted from the bot­
tom to avoid entrapped air in the aggregates 
aggregates) and flooded for about 24 hours. Plant residue 
which floated in each beaker was collected, transferred to 
a watch-glass, oven-dried and weighed. After about 24 hours, 
the sample was shaken for a few seconds and the bulk mate­
rial was poured on the top of a set of sieves consisting of 
5660, 4000, 2000, 1000, 500, 250, 125, 53 and 37 ym sieves. 
The beaker was washed with distilled water to avoid losing 
part of the sediment. The water and small particles" that., 
went through the 53 ym sieve were collected in a 2000 ml 
cylinder. The set of sieves was then moved over a large tray 
for the wet sieving. 
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The wet sieving consisted of gentle and careful but 
thorough sieve-by-sieve washing of the sediment using an 
ample quantity of distilled water supplied by a jet of water 
at an average flow rate of 19.3 cm^/sec., or at a velocity 
of approximately 27 cm/sec. The material retained in each 
sieve was transferred to labelled beakers that were oven-
dried overnight and weighed. 
Material passing the 37 ym sieve was not collected. 
Its weight was calculated from the weight of the work-sample, 
air-dry moisture content of the work-sample, total oven-
dried plant residue weight of the work-sample and the weight 
of the material retained in each sieve. 
The mean weight diameter (MWD) was chosen as a measured 
variable because it gives reasonable information about aggre­
gate size distribution of the soil (Schaller and Stockinger, 
1953). It was calculated using the formula proposed by 
Youker and McGuinness (1957), 
MWD = 0.876X - 0.079 (6) 
where X was the diameter evaluated according to 
N I W. X Di 
X = i—1 (7 ) 
N 
I Wi 
i=l 
where W is the weight of the aggregate in each sieve and D 
is the average sieve diameter in each class. 
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Results and discussion 
The mean weight diameters calculated using equation (6) 
are shown in Table 1. The results of the analysis of vari­
ance procedure for the data from Table 1 are shown in Table 
2 .  
The F test in Table 2 shows no significant difference 
was found between the treatment Sm952 and the treatment Lg-2 
(p > F = 0.18), but there was a very high significant differ­
ence when the mean of these treatments and Lg-1 were compared 
(p > F = 0.003). 
In every case, overall means for sample Lg-1 were larger 
than for the other treatments. 
One might expect the larger diameter for the sample 
Lg-1 as compared with Sm952, since the work samples for Lg-1 
were divested of aggregate particles smaller than 1.00 mm. 
However, the results are contrary to those expected when 
Lg-1 and Lg-2 samples are compared. 
The results suggest that the work sample with aggre­
gate sieve diameters between 9.52 and 1.00 mm are more 
resistant to break down since its average diameter is larger 
than the work-sample with aggregate sieve diameters between 
9.52 and 2.00 mm. The work-sample Lg-1 is constituted of 
aggregate sieve diameters that include aggregate sizes 
between 2.00 and 1.00 mm, which probably are more resistant 
to break down. 
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Table 1. Mean weight diameter (microns), overall means and 
standard deviations from the soil aggregate range 
for the work sample 
Treatments 
Rep. Sm952 Lg-2 Lg-1 
1 260 323 326 
PLOT A 2 234 351 455 
3 278 333 418 
mean 257 336 400 
Std. deviation 22 14 66 
1 436 426 455 
PLOT B 2 451 423 481 
3 437 432 482 
mean 441 427 473 
Std. deviation 8 5 15 
Overall mean 349 381 436 
Av. Std. deviation 15 10 41 
Table 2. Analysis of variance for the variable mean weight 
diameter to choose the best soil aggregate range 
for the work sample 
Source DF Sum of Mean F-Value Prob. 
squares squares F 
Plot 1 60668.0556 60668.0556 39.54 0.0002 
Treatment 2 23141.4444 11570.7222 7.54 0.006 
Ci* (1) 20069.4444 20069.4444 13.08 0.0028 
C2^ (1) 3072.0000 3072.0000 2.00 0.1792 
Residue 14 21479.4444 1534.2460 
Total 17 105288.9444 
= Comparison between the means (Sm952 + Lg-2)/2 
X Lg-1. 
^C2 = Comparison between the means Sm952 x Lg-2. 
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This resistance could be explained if the aggregate 
particle size between 2.00 and 1.00 mm were of large parti­
cles of sand, or because they could be constituted of larger 
contents of clay and organic matter than do the large aggre­
gates. Garey (1954) reported this phenomenon for aggregates 
from 0.15 to 0.42 mm in diameter. 
Conclusion 
The work sample Lg-2 (Figure 2) is the best work-sample 
for the main experiment because it results in the smallest 
standard deviation and eliminates possible errors due to 
collecting samples in the concave points on the land. 
Test 2 : Flooded Work-Sample Time 
Introduction 
The time spent in laboratory works is important in most 
research, but particularly so when biological processes are 
involved. For soil aggregate size determinations by the wet 
sieving procedure, the length of time for the pre-treatment 
period before sieving is a subject of debate. Evans (1954) 
concluded that more stable aggregates are obtained when a 
24-hour rather than a 5-minute period was used. A longer 
period could reverse the results because of fungus develop­
ment among the aggregates. 
The objective of this test was to determine if one hour 
of flooding was enough for this study. 
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Figure 2. View of the work-sample for soil aggregate dis­
tribution determination 
Procedure 
Samples from seven treatments (of twelve) of the main 
experiment from Monona soil that had been collected, air-
dried and kept in plastic bags were chosen at random. The 
samples were passed through a set of 9,52 and 2.00 mm sieves. 
The material retained on the 2.00 mm sieve was separated 
into work-samples. 
A sample from each treatment was wetted as described 
in the first test procedure. They remained flooded for about 
an hour. The second sample from each treatment remained 
flooded for about 24 hours after being wetted. 
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The procedure already described for determining the 
soil aggregate distribution was followed on samples sub­
jected to the two flooding periods. 
The mean weight diameter was chosen as the measured 
variable and was calculated as described earlier. 
Results and discussion 
The results of the test to determine the flooded work-
sample time are presented in Table 3, and an analysis of 
variance is presented in Table 4. The experimental design 
used was a randomized block with a treatment replication of 
soil samples collected from different plots. The replica­
tions were blocked in the analysis of variance in order to 
eliminate their effects on total error. 
As shown in Table 4, the F test indicates no significant 
difference at the 5 percent level between the mean weight 
diameter means for the treatment flooded overnight and the 
treatment of one-hour flooded (p > F = 0.10). As shown in 
Table 3, the difference in means for Plot 2 is 237 ym. This 
is about twice the largest differences for any other plots 
and contributes greatly to the experimental error. Means 
when Plot 2 is excluded are 480 and 440 for the one-hour and 
overnight flooding, respectively. If data from Plot 2 are 
deleted, the new F value is 2.48 (p > F = 0.18). 
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Table 3. Mean weight diameter (microns) of the used sam­
ples for flooded work-sample time choice 
Plots 
Treatment —; r : — Mean 
One-hour 298 800 439 672 449 464 557 526 
Overni ght 331 563 462 652 376 340 478 457 
Mean 315 682 451 662 413 402 518 492 
Table 4. Analysis of variance for the variable mean weight 
diameter to choose the best time necessary of 
flooding 
Source DF Sum of 
squares 
Mean 
squares 
F-value Prob. 
F 
Block 6 
Treatment 1 
Error 6 
Total 
(corrected) 
226215.0000 
16252.0714 
26314.4286 
268781.5000 
37702.5000 8.60 .0096 
16252.0714 3.70 .1028 
4385.7381 
Conclusion 
A one-hour time of flooding is sufficient for sample 
preparation for wet-sieving for soil aggregate distribution 
determination. 
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MAIN STUDY MATERIAL AND METHODS 
Experimental Locations 
This study was conducted at two sites having soils with 
widely different characteristics. The two experimental loca­
tions were the Western Iowa Research Center, Castaria, 
Iowa, located within the Monona-Ida-Hamburg soil associa­
tion in western Iowa and an Iowa State University farm near 
Ames, Iowa, located within the Clarion-Nicollet-Webster soil 
association in central Iowa. 
The Monona-Ida-Hamburg soil association of western Iowa 
covers nearly 7,500 square kilometers, or 5.2 percent of 
state (Simonson et al., 1952). The experimental location 
was established mostly on Monona silt loam soil and with a 
small portion on Ida silt loam soil. The slope averaged 11 
percent. 
The Monona soil is a fine-silty, mixed, mesic Typic 
Hapludolls. Monona soils typically have very dark brown 
friable silt loam A horizons, brown friable silt loam B 
horizons, and brown very friable silt loam C horizons that 
contain a few fine gray and brown mottles.^ A brief descrip­
tion of this soil (Oschwald et al., 1965) is given below 
(all units have been converted to metric equivalents): 
Monona are well-drained soils that occur on 
the gently sloping narrow ridges and strongly slop­
ing side slopes. Slopes of 5 to 14 percent are 
most common, but these soils do occur on slopes 
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ranging from 1 to 30 percent. The surface layer 
is a very dark brown silt loam 20 to 36 cm thick. 
The surface layer is frequently partially or com­
pletely removed by erosion. The subsoil is a 
dark brown to brown silt loam. The substratum 
is silt loam loess which may be calcareous at 
depths of 75 to 250 cm. 
The Clarion-Nicollet-Webster soil association is the 
largest in the state. It occupies nearly 31,080 square 
kilometers or approximately one-fifth of the state (Oschwald 
et al.f 1965). The experimental location was established 
on the Clarion sandy loam, with an average slope of 5 per­
cent. It is classified as a fine-loamy, mixed, mesic Typic 
Hapludols according to U.S.D.A. (1975). A brief description 
of this soil by Oschwald et al. (1965) is given below (all 
units have been converted to metric equivalents): 
Clarion soils occur on the higher portions ' 
of the upland and on short sloped, irregular con­
vex ridges which rise above the low-lying upland 
plains. These soils occur predominantly on slopes 
of 2 to 5 percent although they are found on slopes 
ranging from 0 to 30 percent. Clarion soils are 
well drained and developed from calcareous loam 
till under prairie vegetation. They have slightly 
acid, very dark brown, loam surface layers 23 to 
36 cm thick. On sloping sites, erosion may have 
partly or completely removed the surface layer. 
The subsoil is a dark brown to yellowish-brown, 
moderately permeable loam. The substratum is a 
yellowish-brown moderately permeable loam. It is 
usually calcareous at 75 cm, although this depth 
may range from 45 to 120 cm. Small sand pockets 
are fairly common in the substratum. 
The A horizon is typically loam but sandy loam, silt 
loam with high sand content, silty clay loam, and clay loam 
are within the range of the series (U.S.D.A., 1975). 
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Experimental Design 
A randomized complete block design with two replica­
tions of each of the twelve factorial treatment combinations 
was used. The treatment combinations consisted of three 
tillage practices (Cult), and four crop rotations (Rot), 
on each soil. All tillage operations were performed in the 
spring up and down the hill. 
The tillage systems used at each location were: 
1) No-till (NOT) - chop residue and plant. 
2) Chisel plow (CHS) - chop residue, chisel plow (15 
to 20 cm deep), lightly disk and plant. 
3) Conventional (CON) - chop residue, plow, double 
disk and plant. 
The four crop rotations at each location were: 
1) Continuous soybeans (EB) - soybeans in 1977. 
2) Soybeans after corn (BC) - soybeans in 1978, corn 
in 1977. 
3) Corn after soybeans (CB) - corn in 1978, soybeans 
in 1977. 
4) Continuous corn (CC) - corn in 1977. 
The twelve treatment combinations used at the two locations 
are shown in Tables 5 and 6. All plots were row crop in 
1976. Information about these agricultural practices is 
given in Table 7. 
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List of the plot numbers, treatment combinations, 
treatment numbers and replication number used 
at the Ames location (Clarion soil) 
Treatment Treatment Replication 
rotation tillage number number 
BB CHS 1 1 
BC CON 2 1 
CC CON 3 1 
BC NOT 4 1 
CB CHS 5 1 
CB NOT 6 1 
BB NOT 7 1 
BC CHS 8 1 
CC CHS 9 1 
CC NOT 10 1 
CB CON 11 1 
BB CON 12 1 
BB CON 12 2 
CC CHS 9 2 
CB CHS 5 2 
CB CON 11 2 
BC CHS 8 2 
BB NOT 7 2 
CC NOT 10 2 
BB CHS 1 2 
BC CON 2 2 
BC NOT 4 2 
CC CON 3 2 
CB NOT 6 2 
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List of the plot numbers, treatment combinations, 
treatment numbers and replication numbers used at 
Castana location (Monona soil) 
Treatment Treatment Replication 
rotation tillage number number 
BC CHS 1 1 
CC NOT 2 1 
CB NOT 3 1 
CC CON 4 1 
BC NOT 5 1 
CC CHS 6 1 
BB CON 7 1 
BB CHS 8 1 
BC CON 9 1 
CB CHS 10 1 
CB CON 11 1 
BB CHS 8 2 
CC CON 4 2 
CC NOT 2 2 
BC CON 9 2 
CC CHS 6 2 
CB NOT 3 2 
BB NOT 12 1 
BC CHS 1 2 
CB CON 11 2 
BB CON 7 2 
BB NOT 12 2 
BC NOT 5 2 
CB CHS 10 2 
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Table 7. Agricultural practices on Clarion (Ames) and on 
Monona (Castana) soils 
Date 
Practice or treatment Ames Castana 
central western 
Iowa Iowa 
Chop corn stalks 5/4/78 5/1/78 
Spread fertilizer^ 5/4/78 5/1/78 
Plowing and chisel plowing 5/4/78 5/2/78 
Disking 5/4/78 5/2/78 
Spraying (Lasso) all plots 5/5/78 5/3/78 
Planting^ 5/4/78 5/2/78 
Rainfall simulation^ 8/9 to 8/14/78 7/31 to 8/2/78 
^In Ames and Castana 168-90-90 were used on corn and 
0-90-90 on soybeans. 
^The average rate was 65,620 seeds/ha for corn and 60 
kg/ha for soybeans. 
^Due to water supply, it took a longer time in Ames 
than in Castana. 
Field Procedure 
The rotating-boom rainfall simulator designed by Swanson 
(1965) was used to apply simulated rainfall for about IH 
hour at an intensity of 6.35 cm/hour on 3.05 m x 10.67 m 
plots between 89-102 days after planting. All plots for a 
single location were tested within a 5-day period. A 6.35 
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cm/hour intensity storm for about 1% hours of duration has 
about a 50-year return period in central Iowa (Laflen et 
al., 1978). 
The physical arrangement permitted the testing of 2 
plots simultaneously (Figure 3). 
Runoff flow 
Runoff flow rates were determined every 5 minutes during 
the first 30 minutes of runoff for each storm, and every 10 
minutes thereafter. The last flow rate for each storm was 
determined at one minute prior to the end of the storm. All 
determinations were made gravimetrically. Figure 4 shows these 
determinations being made. Appendix A shows the values of the 
runoff flow rates at 5, 30 and 55 minutes after runoff started. 
Sediment concentration 
One-liter samples for sediment concentration determina­
tions were collected shortly after each flow rate measure­
ment. Samples were collected over a 2-3 minute period fol­
lowing flow rate measurements (except for a % to % minute 
period for the last sample of a storm). Sediment concentra­
tions were determined gravimetrically (see Appendix B). 
Aggregate size distribution runoff samples 
One-liter samples for aggregate particle distribution 
determinations were collected at 5, 30, and 55 minutes after 
runoff began. 
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5 cm PIPES WITH THE 
80100 VEEJET NOZZLES 
PLOT 2 PLOT 1 10.67 m 
3.05 m 
OUTLETS 
Figure 3. View of the physical arrangement of the experiment 
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Figure 4. View of the runoff rate determination in the field 
Figure 5 shows the equipment used to collect samples for 
aggregate size distribution determinations. 
The 1-liter bottles containing runoff samples for the sed­
iment concentration and aggregate distribution analysis were 
taken to the laboratory, weighed and kept for further analysis. 
Residue coverage 
The percent of soil surface covered by crop residue was 
measured before rainfall simulation by the meterstick method 
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Figure 5. Equipment used, to collect samples for sediment 
and aggregate size distribution determinations 
described by Hartwig and Laflen (1978). 
The percent of soil coverage for each plot is shown in 
Appendix C. 
Primary particle distribution soil samples 
By using a 25 cm wide flat shovel, three soil samples 
from the upper 5 cm of soil adjacent to the upper, central 
and bottom parts from each plot were collected and mixed 
to compound a soil sample to determine the primary particle 
distribution for each plot. Because soil texture does not 
change much between adjacent plots, the soil samples were 
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collected from the adjacent area in order to keep the test 
plot in an ideal condition. The particle size analysis data 
for Clarion and Monona soils are given in Tables 8 and 9. 
Aggregate size distribution soil samples 
Using a 25 cm wide flat shovel, eight soil samples were 
collected from the upper 1 cm soil layer on and between the 
rows in each plot before and after rainfall simulation. 
Samples were collected about an hour before rainfall simula­
tion and about 36-48 hours after rainfall simulation or 
about 36-48 hours after the end of any natural rainfall 
period that occurred after rainfall simulation. 
The eight soil samples were mixed together to compound 
a soil sample to determine the aggregate size distribution 
for each plot. 
Laboratory Procedure 
Introduction 
If one desires to compare aggregate size distribution 
from eroded soils in runoff with that of the soil in place, 
it is desirable that they be measured using the same pro­
cedure so that results can be compared directly. No 
standard wet sieving procedure for runoff samples has been 
described in the literature, even though some studies have 
been conducted to determine the sediment size of eroded 
material in runoff. The standard wet sieving procedure for 
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Table 8. Soil particle distribution for Clarion soil 
Plot Clay Silt Sand Sand fraction classes (mm) 
* * * * 2-1 1-.5 .5-.25 .25-.1 .1-.053 
1 17.7 25.6 56.7 1.3 6.2 18.8 17.6 12.8 
2 16.9 25.8 57.3 1.3 6.3 19.0 17.8 12.9 
3 20.3 33.3 46.4 0.7 3.3 13.3 15.7 13.3 
4 21.6 46.1 42.3 0.7 4.0 13.7 13.4 10.6 
5 23.6 40.1 36.3 1.0 4.1 11.6 10.7 9.1 
6 19.9 31.2 48.9 1.1 5.4 14.9 15.0 12.5 
7 16.9 25.7 57.2 1.4 6.3 19.0 17.8 12.9 
8 17.6 38.9 53.5 1.4 4.6 16.9 17.5 13.2 
9 19.1 31.2 49.7 1.5 4.6 15.3 15.6 12.8 
10 18.2 28.7 53.1 1.2 5.4 18.5 15.8 12.2 
11 17.2 29.3 53.5 1.1 4.5 16.4 17.9 13.5 
12 18.0 27.1 54.9 2.5 7.1 18.3 15.4 11.6 
13 16.5 25.5 58.0 2.0 5.8 19.3 18.2 12.6 
14 16.8 25.2 58.0 1.3 4.2 17.8 19.3 15.4 
15 15.8 22.3 61.9 2.5 9.1 20.6 17,7 11.9 
16 16.7 26.4 56.9 2.0 6.7 19.1 17.7 11.4 
17 19.5 33.8 46.6 1.1 5.2 15.3 14.3 10.7 
18 17.5 28.9 53.6 1.3 5.9 17.8 16.7 12.1 
19 21.4 25.4 53.2 1.4 6.4 18.7 16.0 10.7 
20 16.2 26.7 57.2 1.8 7.6 20.9 16.2 10.6 
21 15.8 28.5 55.7 1.3 5.6 18.6 17.9 12.3 
22 16.6 27.2 56.2 0.9 5.6 19.9 17.9 12.0 
23 17.7 28.5 53.8 1.1 7.2 19.6 15.7 10.3 
24 20.2 31.6 48.2 1.0 5.6 16.1 14.4 11.2 
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Table 9. Soil particle distribution for Monona soil 
Plot Clay Silt sand Sand fraction classes (mm) 
* * ^ % 2-1 1-.5 .5-.25 .25-.1 .1-.053 
1 19.2 76.9 5.0 
2 23.0 73.1 3.9 
3 21.1 74.5 4.4 
4 21.2 73.9 4.9 
5 20.9 74.4 4.7 
6 21.1 74.6 4.3 
7 21.7 73.7 4.6 
8 35.0 59.2 5.8 
9 21.4 74.2 4.5 
10 20.4 75.2 4.4 
11 19.4 75.8 4.8 
12 15.3 80.0 4.9 
13 20.5 74.4 5.1 
14 20.6 75.1 4.4 
15 20.9 74.8 4.3 
16 19.6 76.3 4.1 
17 20.8 74.8 4.4 
18 19.4 76.1 4.5 
19 19.1 76.3 4.5 
20 19.5 76.8 3.8 
21 19.3 76.8 4.0 
22 18.4 77.7 4.0 
23 19.4 76.6 4.0 
24 17.5 77.9 4.6 
lean 20.6 74.9 4.5 0.0 0.1 0.1 4.3 
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soil samples (Yoder, 1936; Kemper and Chepil, 1965) requires 
the weight of dry samples at the beginning of the analysis. 
This method is not applicable for runoff samples in which 
one desires to know the quantity of sediment aggregates 
because oven-drying before wet-sieving might destroy the 
aggregates to be measured. 
The procedure used in this study for aggregate size 
distribution of the soil carried in the runoff was based on 
the previous experience of some research workers (already 
described in the literature review). 
The procedure used for determining the aggregate size 
distribution from the bulk soil samples was based on that 
one previously used for runoff samples in order to obtain 
comparable results. 
Runoff aggregate distribution analysis 
The aggregate size distribution for the eroded soil was 
determined as soon as possible after the runoff samples 
were taken to the laboratory. 
After weighing, the one-liter runoff samples were shaken 
for a few seconds, then the lids were removed and the bulk 
material was poured on top of a set of sieves of 2000, 1000, 
500, 250, 125, and 53 um sieves. 
Distilled water was used to wash the bottle and the lid 
to avoid losing part of the sediment. The water and small 
particles that passed the 53 pm sieve were collected 
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in a 2000 ml cylinder. 
After this initial procedure, the set of sieves was 
moved over a large tray for wet sieving. The wet sieving 
consisted of gentle ajnd careful but thorough sieve-by-
sieve washing of the sediment using an ample quantity of 
distilled water supplied by a jet of water at an average 
flow rate of 19.3 cm^/sec, or at a velocity of approximately 
27 cm/sec. 
The material retained in each sieve was transferred to 
labelled beakers, oven-dried overnight and weighed-
The material that passed through the 53 ym sieve was 
collected in a large shallow tray. The sediment was allowed 
to settle for about three hours. After that period, about 
2 to 3 cm of clean water was siphoned and discarded. The 
remainder was transferred to a partially filled 2000 ml 
cylinder and allowed to set for another 72 hours. The clear 
water was then siphoned from the cylinder and the sediment 
was transferred to labelled beakers that were oven-dried 
overnight and weighed. These data were combined with the 
data on weights retained on each sieve, which gave the 
sediment size distribution. 
Sediment concentration 
The one liter bottles were washed with distilled 
water, and dried and weighed. Sediment concentrations 
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(CPPM - itig/l) were computed as 
CPPM - Weight of sediment x 1,000,000 
~ Volume of water-sediment mixture ^ ^ 
as described in Vanoni (1975). 
The volume of water-sediment mixture was calculated by 
considering the density of water of 1.000 g/ml and specific 
gravity of sediment as 2.65, so equation (8) became 
Weight of sediment x 1,000,000 
PPPM = ? / Q \ (Weight of water/1.000) + (Weight of sediment/2.65) ^ ' 
Soil primary particle distribution analysis 
The compounded sample collected in each plot was air-
dried and the primary particle distribution was determined 
by the pipette method (Vanoni, 1975). This method is con­
sidered to be the most reliable indirect method for routine 
use in determining the particle size gradation of fine sedi­
ment (less than 0.062 mm) (Vanoni, 1975). 
Soil aggregate distribution analysis 
The compounded sample for each plot collected before 
and after rainfall was air-dried and stored in plastic bags 
to await analysis. 
The air-dried soil samples were passed, without forcing, 
through a 9.52 and 2.00 mm sieve. The portion that remained 
on the 9.52 sieve and that which passed through the 2.00 mm 
sieve were discarded. The portion retained on the 2.00 mm 
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sieve constituted the work-sample. The samples were sub­
jected to the same procedure for aggregate particle distri 
bution analysis as described in the procedure for test 1 
for the soil aggregate work-sample determination. 
The 5660 and 4000 ym sieves, which were not used for 
runoff samples, were added to the set for soil samples 
analysis because the work-sample consisted of aggregates 
between 9520 and 2000 Mm. The 37 Mm sieve was not used in 
the runoff sample analysis because it was not available at 
the time that analysis was made. 
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RESULTS AND DISCUSSION 
Introduction 
This section presents the data obtained from the vari­
ous field and laboratory investigations. This section also 
includes discussion on factors that influenced the results. 
Percent Soil Coverage 
The percent of crop residue cover on the soil surface 
is important in the erosion control effectiveness of a 
tillage practice, and particularly increases in importance 
when soil aggregate sizes are to be measured. As the per­
cent of crop residue cover on the soil surface increases, 
the total amount of clods and large aggregates exposed to 
raindrop impact decreases and the overland flow capacity to 
transport and break down large aggregates decreases. 
The measured values for percent soil coverage for the 
24 plots (Appendix C) were arranged in two ways for tillage 
and rotation means, in Table 10 for Clarion soil and in 
Table 11 for Monona soil. 
The ANOVA results for Clarion and Monona soils (Appendix 
C) show a highly significant effect of rotation and of 
tillage on the percent surface cover for both soils. 
There were no rotation-by-tillage interaction effects on 
the percent surface cover for both soils. 
The percent surface cover was higher for Monona soil 
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Table 10. Percent residue surface cover for Clarion soil 
(Ames) 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 25.0 29.0 31.5 28.5 
Soybeans-Corn 30.5 31.0 32.0 31.17 
Corn-Soybeans 14.0 12.0 25.0 17.0 
Corn-Corn 15.0 20.5 31.0 22.17 
Means 21.1 23.1 29.9 24.71 
Table 11. Percent residue surface cover for Monona soil 
(Castana) 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 33. 5 38. 5 49 .0 40. 3 
Soybeans-Corn 31. 0 48. 5 55 .0 44. 8 
Corn-Soybeans 6. 0 17. 0 28 .0 17. 0 
Corn-Corn 7. 0 27. 0 40 .0 24. 7 
Means 19. 4 32. 8 43 .0 31. 70 
as compared to Clarion soil for all treatment combinations. 
On Clarion and Monona soils the percent surface cover in­
creased in the order conventional, chisel, and no-till for 
tillage systems; and in the order corn after soybeans, corn 
after corn, soybeans after soybeans, and soybeans after corn 
for crop rotations. 
Even though the main effect rotation was not parti­
tioned into individual crops, it is clearly seen that the 
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actual crop had a greater influence on the percent surface 
cover than did crop rotation. When the crop was soybeans, 
the percent surface cover was much higher for both soils 
than when the crop was corn, while when residue was soy­
beans, the percent surface cover was lower for both soils 
than when the residue was corn but the difference was 
smaller than for the actual crop. The data in Table 12 
were arranged to show this phenomenon. The effect of the 
growing crop, rather than the preceding crop, being quite 
significant is because of lower leaf dropping from the soy­
bean plants. 
Table 12. Percent residue surface cover for crop and crop 
rotation for Clarion and Monona soils 
Clarion soil Monona soil 
Soybeans 29.8 42.6 
Com 19.6 20.9 
Residue soybeans 22.8 28.7 
Residue corn 26.7 34.8 
Soil Aggregate Analysis of Soil Samples 
Before and After Rainfall Simulation 
While several measured variables could have been 
selected, for example, the percent of soil aggregates finer 
than 53 microns (FN53), 125 microns (FN125), 250 microns 
(FN250), or 500 microns (FN500), the information 
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obtained would be about the same for any size of soil aggre­
gates chosen as an experimentally measured variable (see 
results of ANOVA procedure for these variables in Appendix 
D). The same result could be expected if the aggregate 
mean weight diameter was used as the measured variable 
rather than that of a single fraction. 
The percent of soil aggregate particles smaller than 
53 microns was chosen as the measured variable of the 
experiment. This criterion was adopted because the 53 
microns sieve was used for all soil and runoff samples, 
while the 37 microns sieve was used only for soil samples. 
Also, 53 microns is considered the size limit for the 
active soil fraction since they include the most clay and 
organic matter (Garey, 1954). 
The change in the percent of soil aggregate particles 
smaller than 53 microns (FN53-S) for each soil before and 
after rainfall simulation was analyzed using the ANOVA 
procedure. 
Clarion soil 
The means of the FN53-S for the twelve treatment com­
binations (Table 5) are shown in Table 13 for Clarion soil. 
The data from Table 13 are summarized in Table 14 for data 
before rainfall and Table 15 for after rainfall. Table 16 
shows before and after rainfall simulation overall means. 
The ANOVA results for Clarion soil are in Tables 17 and 18. 
Table 13. Percent aggregates finer than 53 microns for Clarion soil, before and 
after rainfall 
Rep. 
1 2 3 4 
Treatment 
5 6 
numbers 
7 8 9 10 11 12 
Before 1 11.1 11.7 7.9 13.6 16.8 16.9 17.3 12.8 17.3 14.9 14.6 13.6 
rainfall 
12.9 2 14.3 11.0 12.9 15.4 13.3 9.0 14.7 17.8 14.2 11.6 13.2 
Means 12.7 11.4 10.4 14.5 15.1 13.0 16.0 15.3 15.8 13.3 13.9 13.3 
After 1 18. 8 18.4 24.0 22.3 25.1 21.5 19.4 19.9 22.2 19.1 15.2 18.7 
rainfall 
2 16.7 16.2 19.6 18.9 15.6 17.8 14.4 19.9 16.1 15.7 14.7 17.9 
Means 17.8 17.3 21.8 20.6 20.4 19.4 16.9 19.9 19.2 17.4 15.0 18.3 
Overall 
means 15.2 14.3 16.1 17.6 17.7 16.3 16.5 17.6 17.5 15.3 14.4 15.8 
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Table 14. Percent aggregates finer than 53 microns means 
for Clarion soil CAmes), means before rainfall 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 13.3 12.7 16.0 14.0 
Soybeans-Corn 11.4 15.3 14.5 13.7 
Corn-Soybeans 13.9 15.1 13.0 14.0 
Corn-Corn 10.4 15.8 13.3 13.1 
Means 12.3 14.7 14.2 13.7 
Table 15. Percent aggregates finer than 53 microns means 
for Clarion soil (Ames), means after rainfall 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 18.3 17.8 16.7 17.7 
Soybeans-Corn 17.3 19.9 20.6 19.3 
Corn-Soybeans 15.0 20.4 19.7 18.3 
Corn-Corn 21.8 19.2 17.4 19.5 
Means 
1—1 00 r—1 
19.3 18.7 18.7 
Table 16. Percent aggregates finer than 53 microns means 
for Clarion soil (Ames), overall means before 
and after rainfall 
Rotation Conventional Chisel No-till Means 
S oybe an s-Soybeans 15. 8 15. 2 16 .5 15. 8 
Soybeans-Corn 14. 3 17. 6 17 .6 16. 5 
Corn-Soybeans 14. 4 17. 7 16 .3 16. 2 
Corn-Corn 16. 1 17. 5 15 .3 16. 3 
Means 15. 2 17. 0 16 .4 16. 2 
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Table 17. ANOVA, variable FN53-S for Clarion soil (Ames) 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Replication 1 50.6352 50.6352 
Rotation^ 3 2.9156 0.9719 0.13 0.9409 
Cultivation^ 2 28.1817 14.0908 1.87 0.2001 
Rot*Culta 6 33.8550 5.6425 0.75 0.6233 
Rep*Rot*Cult 11 82.9273 7.5388 
Time 1 296.5102 296.5102 59.31 0.0001 
Rot*Time 3 12.6990 4.2330 0.85 0.4945 
Cult*Time 2 4.8017 2.4008 0.48 0.6300 
Rot*Cult*Time 6 64.4017 10.7336 2.15 0.1225 
Error 12 59.9925 4.9994 
Corrected Total 47 636.9198 
^The F-test for these variables used the mean square 
for Rep*Rot*Cult as 1 an error term 
Table 18. Partitioning of the degree of freedom from the 
main < effect cultivation in comparisons C^ and C2 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Cultivation 2 28.1817 14.0908 1.87 0.2001 
Cig (1) 25.4204 25.4204 3.37 0.0935 
(1) 2.7613 2.7613 0.37 0.5573 
= conventional - (Chisel + No-till means)/2. 
^C2 = chisel - No-till. 
There was a very significant effect of time of sampling 
on the percent of soil aggregate smaller than 53 microns. 
The soil aggregate percent smaller than 53 microns in the 
Clarion soil, in place, was not the same after rainfall 
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simulation as it was before rainfall simulation. It was 
higher in the soil after rainfall simulation for all treat­
ment combinations. Such results agree with Hipsley et al. 
(1978), since there were different soil sample moisture 
contents before and after rainfall simulation. 
As shown in Table 17 and Figures 6 and 1, there was no 
interaction between the time that samples were taken and 
any treatment combinations. 
As shown in Table 17, there was no significant effect 
of tillage system (p > F = 0.20) nor of crop-rotation (p > 
F = 0.94) on FN53-S. 
Two comparisons to evaluate the effect of cultivation 
on soil aggregates finer than 53 microns after rainfall are 
shown in Table 18. Conventional was compared with chisel + 
no-till (C^) (p > F = 0.09) and chisel with no-till (C2) 
(p > F = 0.56). In neither case was there a significant 
effect. Apparently crop-rotation and tillage systems had 
no effect on the percent of stable aggregate particles 
smaller than 53 microns for the Clarion soil. 
Monona soil 
The twelve treatment means of the FN53-S for Monona 
soil are shown in Table 19. Tables 20 and 21 show FN53-S 
means before and after rainfall simulation, and the overall 
means for those are shown in Table 22. 
The results of the ANOVA procedure for the variable 
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Figure 6. Aggregate percent of the Clarion soil sample 
finer than 53 microns (FN53-S) as affected by the 
rainfall simulation trial (before and after simu­
lation) and by the tillage treatment 
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Figure 7. Aggregate percent of the Clarion soil sample 
finer than 53 microns (FN53-S) as affected by the 
rainfall simulation trial (before and after simu­
lation) and by the crop rotation 
Table 19. Percent aggregates finer than 53 microns treatment for Monona soil before 
and after rainfall 
Treatment numbers 
Rep. 1234567 89 10 11 12 
Before 1 34.0 31.6 35.4 27.9 24.6 32.3 32.8 32.2 27.6 28.0 26.4 40.8 
rainfall 
replica- 2 43.6 38.5 37.7 27.6 37.9 30.6 26.8 32.2 23.4 39.6 32.2 38.4 
tion 
Means 38.8 35.1 36.6 27.8 31.3 31.5 29.8 32.2 25.5 33.8 29.3 39.6 
After 1 42.1 26.4 47.9 33.8 28.1 42.2 31.8 36.4 40.8 43.4 47.1 48.1 
rainfall 
replica- 2 43.5 44.8 44.4 43.6 37.8 60.6 39.7 41.9 47.9 52.1 42.6 46.3 
tion 
Means 42.8 45.6 46.2 39.7 33.0 51.4 35.8 39.2 44.4 47.8 44.9 47.2 
Overall 
means 
40.8 40.3 41.4 33.7 32.1 41.4 32.8 35.7 34.9 40.8 37.1 43.4 
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Table 20. Percent aggregates finer than 53 microns for 
Monona soil (Castana), means before rainfall 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 29.8 32.2 39.6 33.9 
Soybeans-Corn 25.5 38.8 31.3 31.9 
Corn-Soybeans 29.3 33.8 36.6 33.2 
Corn-Corn 27.8 31.5 35.1 31.4 
Means to
 
00
 
H
 
34.1 35.6 32.6 
Table 21. Percent aggregates finer than 53 microns for 
Monona soil (Castana), means after rainfall 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 35.3 39.2 47.2 40.7 
Soybeans-Corn 44.4 42.8 33.0 40.0 
Corn-Soybeans 44.9 47.8 46.2 46.3 
Corn-Corn 39.6 51.4 45.6 45.5 
Means 41.1 45.3 43.0 43.1 
Table 22. Percent aggregates finer than 53 microns for 
Monona soil (Castana), overall means before and 
after rainfall 
Rotation Conventional Chisel No-till Means 
Soybeans-Soybeans 32.8 35.7 43.4 37.3 
Soybeans-Corn 34-9 40.8 32.1 35.9 
Corn-Soybeans 37.1 40.8 41.4 39.7 
Corn-Corn 33.7 41.4 40.3 38.5 
Means 34.6 39.7 39.3 37.9 
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FN53-S for Monona soil are shown in Table 23. The results 
for Monona soil are similar to those for Clarion soil with 
respect to the time effect before and after rainfall simula­
tion (p > F = 0.0001). Also, there was no time-tillage 
system or time-rotation interaction at the 5 percent level 
of probability for Monona soil. 
As shown in Table 23, there was a significant effect 
of tillage system (p > F = 0.01) and a crop-rotation by 
tillage system interaction (p > F = 0.06) on FN53-S 
(Figure 8). 
The sum of squares for rotation, cultivation, and rota­
tion by cultivation interaction was partitioned into the 
treatment combinations shown in Table 24. The statistical 
data for these comparisons are shown in Table 25. 
There was a significant difference between values of 
FN53-S for conventional and chisel + no-till (p > 0.004) , 
but no significant difference between the no-till and chisel 
tillage system (Figures 9 and 10). 
Even though the analysis of variance for the variable 
FN53-S demonstrated no significant difference between the 
chisel and no-till treatment means, there was a significant 
F-value for the interaction between these treatment combina­
tions (C2R1) in Table 25 (p > F = 0.01) meaning that the 
difference between no-till and chisel is not the same for 
different crop residues. 
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Table 23. ANOVA^ variable FN53-S for Monona soil (Castana) 
Source DF Sum of Mean F- Prob. 
squares squares value F 
Replication ^  1 183. 3008 183. 3008 7. 35 0. 0189 
Rotation ^  3 94. 8017 31. 6006 1. 68 0. 2280 
Cultivation^ 2 253. 9754 126. 9877 6. 76 0. 0122 
Rot*Cult 6 328. 6296 54. 7716 2. 92 0. 0592 
Rep*Rot*Cult 11 206. 6492 18. 7863 
Time 1 1333. 5208 1333. 5208 53. 44 0. 0001 
Rot*Time 3 114. 9075 38. 3025 1. 54 0. 2561 
Cult*Time 2 67. 3954 33. 6977 1. 35 0. 2958 
Rot*Cult*Time 6 178. 1463 29. 6911 1. 19 0. 3742 
Error 12 299. 4300 24. 9525 
Corrected Total 47 3060. 7567 
^The F-test for these variables used the mean square 
for Rep*Rot*Cult as an error term. 
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Figure 8. Aggregate percent of the Monona soil sample finer 
than 53 microns (FN53-S) as affected by tillage 
system and the crop rotation. BB is continuous 
soybeans, BC is soybeans after corn, CB is corn 
after soybeans, and CC is continuous corn 
Table 24. Main effects and interactions for the treatment combination means 
for the FN53-S from Monona soil 
TRT Cult Rot Time Cl C2 Rl R2 R3 Xl X2 X3 X4 X5 ^6 
1 CHS BC 1 -1 -1 0 1 1 0 -1 1 0 -1 
1 CHS BC 2 -1 -1 0 1 1 0 -1 1 0 -1 
2 NOT CC 1 -1 1 0 -1 1 0 1 -1 0 -1 
2 NOT CC 2 -1 1 0 -1 1 0 1 -1 0 -1 
3 NOT CB 1 -1 1 1 -1 0 -1 1 0 1 -1 0 
3 NOT CB 2 -1 1 1 -1 0 -1 1 0 1 -1 0 
4 CON CC 1 2 0 0 -1 -2 0 -2 0 0 0 
4 CON CC 2 2 0 0 -1 -2 0 -2 0 0 0 
5 NOT BC 1 -1 1 0 1 1 0 -1 -1 0 1 
5 NOT BC 2 -1 1 0 1 1 0 -1 -1 0 1 
6 CHS CC 1 -1 -1 0 -1 1 0 1 1 0 1 
6 CHS CC 2 -1 -1 0 -1 1 0 1 1 0 1 
7 CON BB 1 2 0 1 1 0 2 2 0 0 0 0 
7 CON BB 2 2 0 1 1 0 2 2 0 0 0 0 
8 CHS BB 1 -1 -1 1 1 0 -1 -1 0 -1 -1 0 
8 CHS BB 2 -1 -1 1 1 0 -1 -1 0 -1 -1 0 
9 CON BC 1 2 0 0 1 —2 0 2 0 0 0 
9 CON BC 2 2 0 0 1 -2 0 2 0 0 0 
10 CHS CB 1 -1 -1 1 -1 0 -1 1 0 -1 1 0 
10 CHS CB 2 -1 -1 1 -1 0 -1 1 0 -1 1 0 
11 CON CB 1 2 0 1 -1 0 2 -2 0 0 0 0 
11 CON CB 2 2 0 1 -1 0 2 -2 0 0 0 0 
12 NOT BB 1 -1 1 1 1 0 -1 -1 0 1 1 0 
12 NOT BB 2 -1 1 1 1 0 -1 -1 0 1 1 0 
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Table 25. Partitioning of the degree of freedom from the 
main effects and interaction for the data from 
Table 19 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Rotation 3 94. 8017 31. 6006 1. 68 0. 2280 
RJL=BB+CB-BC-CC (1) 20. 2800 20. 2800 1. 08 0. 3211 
R2=BB-CB (1) 36. 0150 36. 0150 1. 92 0. 1936 
R3=BC-CC (1) 38. 5067 38. 5067 2. 05 0. 1800 
Cult 2 253. 9754 126. 9877 6. 76 0. 0122 
CI=2XC0N-(CHS+NOT) (1) 252. 8504 252. 8504 12. 46 0. 0037 
C2=N0T-CHS (1) 1. 1250 1. 1250 0. 0599 0. 8112 
Rot*Cult 6 328. 6296 54. 7716 2. 92 0. 0592 
X-J_=C3_XR2 (1) 2. 7338 2. 7338 0. 15 0. 7101 
X2=C]!XR2 (1) 10. 2675 10. 2675 0. 55 0. 4752 
X3=CIXR3 (1) 42. 9408 42. 9408 2. 29 0. 1588 
X4=C2XRI (1) 163. 8050 163. 8050 8. 72 0. 0131 
X5=C2XR2 (1) 51. 1225 51. 1225 2. 72 0. 1273 
XG=C2XR3 (1) 57. 7600 57. 7600 3. 07 0. 1073 
Figure 9. Aggregate percent of the Monona soil sample finer 
than 53 microns (FN53-S) as affected by the till­
age system and crop rotation. BB is continuous 
soybeans, BC is soybeans after corn, CB is corn 
after soybeans, and CC is continuous corn 
Figure 10. Aggregate percent of the Monona soil sample finer 
than 53 microns {FN53-S) as affected by the till­
age system and crop rotation. BB is continuous 
soybeans, BC is soybeans after corn, CB is corn 
after soybeans, and CC is continuous corn 
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As shown in Figure 10, the actual crop is apparently 
important. If the crop is corn, there is no evident dif­
ference between the chisel and no-till treatment means. 
But if the actual crop is soybeans, there is an evident 
difference. If the crop is soybeans, the difference 
between the means will depend on the crop residue. The 
FN53-S value was higher for the no-till treatment if the 
crop residue was soybeans, but lower when the crop residue 
was corn. 
Browning et al. (1942) described that soybeans had a 
loosening effect on the soil as compared to corn. They 
attributed this phenomenon to the canopy effect of the soy­
beans. 
This effect might be very important when soil samples 
are collected from the upper 1 cm of soil. 
With continuous soybeans, the soil will be very loose. 
The chisel tillage provides a better residue incorporation 
than no-tillage does, which provides large soil aggregates 
and a small amount of FN53-S as compared to the no-tillage 
system. 
When the crop rotation is BC, the soil probably is not 
as loose and any cultivation should break down the aggre­
gates more than the no-tillage system, hence FN53-S should 
be higher for chisel tillage than for no-till. 
For the Monona soil. Figures 11 and 12 show large 
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values of the variable FN53-S after rainfall simulation as 
compared to before rainfall simulation, much like the Clarion 
results but with a higher percent of aggregate soil parti­
cles smaller than 53 microns. This was expected since 
Monona soil has a finer texture than does the Clarion 
soil. This can be seen in the particle size data shown in 
Table 4. 
Clarion soil is of coarser texture than Monona soil 
(Tables 8 and 9), so for Clarion soil the aggregates are of 
larger primary particles than those of the Monona soil. 
Values of FN53-S for both soils are plotted in Figures 
13 and 14, showing clearly that there are likely significant 
differences between Clarion and Monona soils, but no apparent 
soil by time interaction. 
Soil Aggregate Analysis from Eroded 
Soil Carried in Runoff 
Analysis similar to that of soil aggregates was provided 
on eroded soil aggregates in runoff data. The measured 
variable of the experiment was the sediment particles from 
the runoff samples finer than 53 microns {FN53-R) . 
Clarion soil 
Values of FN53-R for the twelve treatment combinations 
for the Clarion soil are shown in Table 26. Two-way tables 
for cultivation and rotation means for times of 5, 30 and 
Figure 13. Aggregate percent of the soil 
sample finer than 53 microns 
(FN53-S) when collected before 
and after rainfall simulation 
as affected by tillage treat­
ment 
Figure 14. Aggregate percent of the 
soil samples finer than 
53 microns (FN53-S) when 
collected before and after 
rainfall simulation as 
affected by crop rotation. 
BB is continuous soybeans, 
BC is soybeans after corn, 
CB is corn after soybeans, 
and CC is continuous corn 
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Table 26. Percent aggregates finer than 53 microns treatment for Clarion soil 
(runoff) 
Time Treatment numbers 
1 2 3 4 5 6 7  8 9  1 0  1 1  1 2  
Replica­ 5 28. 5 30. 9 28. 6 32. 0 32. 2 18. 8 16. 4 14. 2 24. 3 31. 9 21. 7 20. 5 
tion #1 30 25. 3 22. 9 24. 4 27. 0 w
 
o
 
6 39. 6 19. 9 21. 7 31. 5 33. 5 26. 0 26. 0 
55 22. 5 22. 5 32. 6 31. 0 34. 3 35. 0 21. 7 27. 1 33. 5 38. 0 24. 7 21. 0 
Means 25. 4 25. 4 28. 5 30. 0 32. 4 31. 1 19. 3 21. 0 29. 8 34. 5 24. 1 22. 5 
Replica­ 5 34. 0 36. 1 18. 8 34. 1 23. 9 22. 2 24. 2 26. 0 25. 1 30. 8 20. 7 28. 6 
tion #2 30 40. 5 20. 2 23. 7 27. 3 34. 3 26. 4 32. 3 28. 8 33. 0 32. 3 23. 4 34. 6 
55 55. 2 23. 9 26. 2 37. 0 32. 9 31. 5 37. 2 32. 4 31. 6 36. 2 23. 8 37. 6 
Means 43. 2 26. 7 22. 9 32. 8 30. 4 26. 7 31. 2 29. 1 29. 9 33. 1 22. 6 33. 6 
Overall 34. 3 26. 1 25. 7 31. 4 31. 4 28. 9 25. 3 25. 0 29. 8 33. 8 23. 4 28. 1 
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55 minutes after runoff began are presented in Tables 27, 
28 and 29. Overall means for the three times are shown in 
Table 30. 
Means of FN53-R are shown versus time, for time by till­
age system, and time by rotation interactions in Figures 15 
and 16. In order to show the cultivation by rotation inter­
action, the same means were plotted with the abscissa giving 
the kind of rotation in Figure 17. 
The results of the ANOVA procedure, using FN53-R as a 
dependent variable, for the Clarion soil are shown in 
Table 31. 
The results indicate that there is no significant 
effect of tillage or rotation on FN53-R, but there is a 
significant effect of time during a rainfall in which 
samples are taken (p > F = 0.007). Apparently, the percent 
of sediment particles finer than 53 microns is not the same 
for all samples collected at different times during a rain­
fall event, which agrees with previous results obtained by 
Doty and Carter (1964) and Swanson and Dedrick (1967). 
The results in Table 31 also indicate that there may be 
a rotation by time interaction. In order to get better 
information about the time and interaction effects, the com­
parisons shown in Table 32 were made. The results of those 
comparisons are shown in Table 33. 
No interaction comparisons involving cultivations and 
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Table 27. Percent aggregates finer than 53 microns for 
Clarion soil (Ames), means for 5 min after run­
off starts 
Conventional Chisel No-till Means 
Soybeans-Soybeans 24.6 31.3 20.3 25.4 
Soybeans-Corn 33.5 20.1 33.1 28.9 
Corn-Soybeans 21.2 28.1 20.5 23.3 
Corn-Corn 23.7 24.7 31.4 26.6 
Means 25.8 26.1 26.3 26.1 
Table 28. Percent aggregates finer than 53 microns for 
Clarion soil (Ames), means for 30 min after 
runoff starts 
Conventional Chisel No-till Means 
Soybeans-Soybeans 30.3 32.9 26.1 29.8 
Soybeans-Corn 21.6 25.3 27.2 24.7 
Corn-Soybeans 24.7 32.5 33.0 30.1 
Corn-Corn 24.1 32.3 32.9 29.8 
Means 25.2 30.8 29.8 28.6 
Table 29. Percent aggregates finer than 53 microns for 
Clarion soil (Ames), means for 55 min after 
runoff starts 
Conventional Chisel No-till Means 
Soybeans-Soybeans 29.3 38.9 29.5 32.6 
Soybeans-Corn 23.2 29.8 34.0 29.0 
Corn-Soybeans 24.3 33.6 33.3 30.4 
Corn-Corn 29.4 32.6 37.1 33.0 
Means 26.6 33.7 33.5 31.3 
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Table 30. Percent aggregates finer than 53 microns for 
Clarion soil (Ames), overall means for runoff 
Conventional Chisel No-till Means 
Soybeans-Soybeans 28. 1 34. 3 25. ,3 29. 2 
Soybeans-Corn 26, .1 25. 0 31. 4 27. 5 
Corn-Soybeans 23. 4 31, .4 28. 9 27. 9 
Corn-Corn 25. 7 29, .8 33. 8 29. 8 
Means 25, .8 30. 1 29. 9 28. 6 
Table 31. ANOVA, variable FN53-R for Clarion soil (runoff) 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Replication 1 182. 0868 182. 0868 11. 08 0. 0028 
Rotation^ 3 62. 6004 20. 8668 0. 26 0. 8545 
Cultivation^ 2 281. 3336 140. 6068 1. 74 0. 2213 
Rot*Cult^ 6 512. 4975 85. 4163 1. 05 0. 4434 
Rep*Rot*Cult 11 891. 5915 81. 0538 
Time 2 325. 0853 162. 5427 9. 89 0. 0007 
Rot*Time 6 223. 2392 37. 2065 2. 26 0. 0714 
Cult*Time 4 125. 9722 31. 4930 1. 92 0. 1403 
Rot*Cult*Time 12 245. 9767 20. 4981 1. 25 0. 3097 
Error 24 394. 3867 16. 4328 
Corrected Total 71 3244. 7699 
^The F-test for these variables used the mean square 
for Rep*Rot*Cult as an error term. 
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Figure 16. Percent sediment finer than 53 microns in the 
runoff sample from Clarion soil as a function of 
time after runoff started and of rotation 
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Figure 17. Percent sediment finer than 53 microns in the 
runoff sample from Clarion soil as affected by 
the tillage system and crop rotation. BB is 
continuous soybeans, BC is soybeans after corn, 
CB is corn after soybeans, and CC is continuous 
corn 
Table 32. Main effects and interactions for the treatment 
combination means for the FN53-R from Clarion 
soil 
Trt 
# 
Cult Rot Time Mean Cl C2 R1 R2 ^3 ^1 ^2 
1 CH3 BB tl 31.25 -1 -1 1 1 0 -1 -1 
1 CHS BB t2 32.9 -1 -1 1 1 0 -1 -1 
1 CHS BB t3 38.85 -1 -1 1 1 0 -1 -1 
2 CON BC tl 33.5 2 0 -1 0 1 -2 0 
2 CON BC t2 21.55 2 0 -1 0 1 -2 0 
2 CON BC t3 23.2 2 0 -1 0 1 -2 0 
3 CON cc tl 23.7 2 0 -1 0 -1 -2 0 
3 CON cc t2 24.05 2 0 -1 0 -1 -2 0 
3 CON cc t3 29.4  2 0 -1 0 -1 -2 0 
4 NOT BC tl 33.05 1 -1 0 1 1 0 
4 NOT BC t2 27.15 1 -1 0 1 1 0 
4 NOT BC t3 34.0 1 -1 0 1 1 0 
5 CHS CB tl 28.05 -1 1 0 -1 1 
5 CHS CB t2 32.45 -1 1 0 -1 1 
5 CHS CB t3 33.5 -1 1 0 -1 1 
6 NOT CB tl 20.5 1 1 0 -1 1 
6 NOT CB t2 33.0 1 1 0 -1 1 
6 NOT CB t3 33.25 1 1 0 -1 1 
7 NOT BB tl 20.3 1 1 1 0 -1 -1 
7 NOT BB t2 26.1 1 1 1 0 -1 -1 
7 NOT BB t3 29.45 1 1 1 0 -1 -1 
8 CHS BC tl 20.1 -1 -1 0 1 1 0 
8 CHS BC t2 25.25 -1 -1 0 1 1 0 
8 CHS BC t3 29.75 -1 -1 0 1 1 0 
9 CHS CC tl 24.7 -1 -1 0 -1 1 0 
9 CHS CC t2 32.25 -1 -1 0 -1 1 0 
9 CHS CC t3 32.55 -1 -1 0 -1 1 0 
10 NOT CC tl 31.35 1 -1 0 -1 1 0 
10 NOT CC t2 32.9 1 -1 0 -1 1 0 
10 NOT CC t3 37.1 1 -1 0 -1 1 0 
11 CON CB tl 21.2 2 0 1 -1 0 2 -2 
11 CON CB t2 24.7 2 0 1 -1 0 2 -2 
11 CON CB t3 24.25 2 0 1 -1 0 2 -2 
12 CON BB tl 24.55 2 0 1 1 0 2 2 
12 CON BB t2 30.3 2 0 1 1 0 2 2 
12 CON BB t3 29.3 2 0 1 1 0 2 2 
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X4 
^5 ^6 •^2 ^2 Y3 Y4 "2 Z3 "4 
-1 -1 0 -2 0 2 0 2 0 -2 0 -2 0 
-1 -1 0 1 1 -1 -1 -1 -1 1 1 1 1 
-1 -1 0 1 -1 -1 1 -1 1 1 -1 1 -1 
0 0 0 -2 0 -4 0 0 0 2 0 0 0 
0 0 0 1 1 2 2 0 0 -1 -1 0 0 
0 0 0 1 -1 2 -2 0 0 -1 1 0 0 
0 0 0 -2 0 -4 0 0 0 2 0 0 0 
0 0 0 1 1 2 2 0 0 -1 -1 0 0 
0 0 0 1 -1 2 -2 0 0 -1 1 0 0 
-1 0 -1 -2 0 2 0 -2 0 2 0 0 0 
-1 0 -1 1 1 -1 -1 1 1 -1 -1 0 0 
-1 0 -1 1 -1 -1 1 1 -1 1 0 0 
-1 1 0 -2 0 2 0 2 -2 0 2 0 
-1 1 0 1 1 -1 -1 -1 1 1 -1 
-1 1 0 1 -1 -1 1 -1 1 1 -1 1 
1 -1 0 -2 0 2 0 -2 -2 0 0 
1 -1 0 1 1 -1 -1 1 1 1 1 -1 
1 — 1 0 1 -1 -1 1 1 1 -1 1 
1 1 0 -2 0 2 0 -2 -2 0 -2 0 
1 1 0 1 1 -1 -1 1 1 1 1 1 1 
1 1 0 1 -1 -1 1 1 1 -1 1 -1 
1 0 -2 0 2 0 2 2 0 0 0 
1 0 1 1 -1 -1 -1 -1 -1 0 0 
1 0 1 -1 -1 1 -1 1 -1 1 0 0 
1 0 1 -2 0 2 0 2 2 0 0 0 
1 0 1 1 1 -1 -1 -1 -1 -1 0 0 
1 0 1 1 -1 -1 1 -1 1 -1 1 0 0 
-1 0 1 -2 0 2 0 -2 0 2 0 0 0 
-1 0 1 1 1 -1 -1 1 1 -1 -1 0 0 
-1 0 1 1 -1 -1 1 1 -1 -1 1 0 0 
0 0 0 -2 0 -4 0 0 0 -2 0 2 0 
0 0 0 1 1 2 2 0 0 1 1 -1 -1 
0 0 0 1 -1 2 -2 0 0 1 -1 -1 1 
0 0 0 -2 0 -4 0 0 0 -2 0 -2 0 
0 0 0 1 1 2 2 0 0 1 1 1 1 
0 0 0 1 -1 2 -2 0 0 1 -1 1 -1 
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Table 33. ANOVA, variable FN53-R for Clarion soil (Ames) 
Source DF Mean Mean F- Prob. 
(comparisons) squares squares value >F 
CI=2XC0N-(CHS+NOT) 
C2=N0T-CHS 
RL=BB+CB-BC-CC 
R2=BB-CB 
R3=BC-CC 
Xl=CixRi 
C^xRg 
X4=C2xRI 
Xc^CoxR^ 
X^C^XR^ 
T]_=t2+t3-2tl 
T2=t3-t2 
Y2=Cj_xTj^  
Y2=CixT2 
Y3=C2XTI 
^4~^2^'^2 
Zi=RiXTi 
Z2=RixT2 
Z3=R2XTI 
Z4=R2xT2 
Z5=R2XT^ 
Z6=R3xT2 
1 280. 2834 280. 2834 3. 46 0. 0899 
1 • 1. 0502 1. 0502 0. 01 0. 9114 
1 0. 1335 0. 1335 0. 001 0. 9684 
1 16. 0000 16. 0000 0. 20 0. 6654 
1 46. 4669 46. 4669 0. 57 0. 4649 
1 0. 0851 0. 0851 0. 00 0. 9747 
1 50. 0000 50. 0000 0. 62 0. 4488 
1 31. 3368 31. 3368 0. 39 0. 5468 
1 356. 9752 356. 9752 4. 40 0. 0597 
1 65. 3400 65. 3400 0. 81 0. 3885 
1 8. 7604 8. 7604 0. 11 0. 7485 
1 239. 2178 239. 2178 14. 56 0. 0008 
1 85. 8675 85. 8675 5. 23 0. 0314 
1 113. 1259 113. 1259 6. 88 0. 0149 
1 9. 9459 9. 9459 0. 61 0. 4442 
1 1. 9551 1. 9551 0. 12 0. 7332 
1 0. 9453 0. 9453 0. 06 0. 8125 
1 100. 3336 100. 3336 6. 11 0. 0210 
1 15. 4133 15. 4133 0. 94 0. 3425 
1 2. 7613 2. 7613 0. 17 0. 6855 
1 9. 0038 9. 0038 0. 55 0. 4664 
1 94. 0735 94. 0735 5, 72 0. 0249 
1 1. 6538 1. 6538 0. 10 0. 7538 
97 
rotations were significant at the 5 percent level. 
All interaction effect significant at the 6 percent 
level is shown in Table 33. This comparison indicates that 
the difference between no-till and chisel are not the same 
when the crop residue is soybeans as compared to when the 
crop residue is corn. The rotation by cultivation inter­
action (Figure 17) shows that if there is soybean residue, 
FN53-R values are greater for the chisel tillage system 
than for the no-till system, but if the residue is corn, the 
inverse occurs. 
As is shown in Table 33, the percent of aggregates 
finer than 53 microns carried in runoff varies with time 
during a rainfall. From Tables 27, 28 and 29 one can con­
clude that at the time runoff begins, the eroded soil in 
runoff has a lower percent of small aggregates than later. 
Aggregates with large diameters are carried in the runoff 
just after it starts when the rate is not yet stabilized 
(Appendix A). This rate usually is lower than the sta­
bilized runoff rate. These data suggest that (a) the large 
aggregates in the Clarion soil carried in the runoff at the 
beginning of the experiment are first detached from the 
soil surface by the rainfall drops and then transported in 
the runoff, and (b) when a thin water layer covers the soil 
surface, the effect of the raindrop impact will be increased 
and the aggregates will break down easier, decreasing the 
98 
percent of large aggregates in the runoff. Such a phenome­
non was described by Palmer (1965). 
The comparison (p > F = 0.0149) shows that the dif­
ference in FN53-R between the conventional and the other 
tillage systems at the time runoff starts is not the same 
as when runoff rate is stabilized. As is shown in Figure 
15 (time by cultivation interaction) and Tables 27, 28, 
and 29, the conventional tillage system runoff has a 
smaller percent of small aggregates than the other systems, 
and these differences increase with time during rainfall. 
This might be expected since the chiseled and no-tillage 
methods have more residue coverage (Table 10) than the 
conventional method. 
The soil surface is more disturbed for the conven­
tional tillage system than for the other systems. As 
disturbance of the soil surface increases (conventional 
tillage system), delivery of large aggregates in the run­
off increases, thus decreasing the FN53-R as compared to 
the other two tillage systems. 
The data from Tables 27, 28, and 29 for FN53-R and 
those for sediment concentration for Clarion soil (Appendix 
B) show that as sediment concentration increased during a 
rainfall, FN53-R decreased. This agrees with Laflen et al. 
(1978) since the lower amount of FN53-R means a larger 
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mean sediment size. 
The comparison (p > F = 0.02) shows that the 
difference in FN53-R of the eroded soil from plots with 
soybean residue and those with corn residue at the time 
that runoff starts is not the same as when the runoff 
rate has stabilized. At 5 minutes after runoff starts, 
treatment combinations with corn as the residue lose a 
larger percentage of small aggregate than those with soy­
beans as residue (Figure 16). As time increases, the 
treatment with crop rotations soybeans after soybeans, 
com after soybeans, and corn after corn were experiencing 
increased percentage of FN53-R in runoff similar to 
tillage methods with large amounts of residue coverage, 
, but the crop rotation soybeans after corn (the crop rota­
tion that presented the largest amount of residue surface 
coverage) did not react similarly. 
The comparison Zg (p > F = 0.02) also shows that 
when the crop residue is corn, the difference between 
FN53-R when the crop is soybeans and those when the crop 
is corn are not the same for 5 minutes after runoff 
starts as later when runoff is stabilized. At 5 minutes 
after runoff starts, FN53-R is large when the crop is 
soybeans, but later times, FN53-R is large when the crop 
is corn. 
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Monona soil 
FN53-R data from runoff samples, for the twelve treat­
ment combinations for Monona soil (Castana), are shown in 
Table 34, two-way tables for cultivation and rotation means 
for each time are presented in Tables 35-37, and overall 
means for the three times are shown in Table 38. Data from 
Tables 35-37 are shown graphically in Figures 18-20. 
The results of the ANOVA procedure for FN53-R for the 
Monona soil are shown in Table 39. The results indicate a 
significant effect of cultivation (p > F = 0.0003) and time 
(p > F = 0.03) on FN53-R. 
As for the Clarion soil, the main and interaction 
effects were partitioned as shown in Table 40. The compari­
son mean squares and F test values are shown in Table 41. 
In the aggregate analysis from runoff samples for 
Monona soil, the comparisons (p > F = 0.0002) and 0-2 
(p > F = 0.04) were significant. 
As shown in Table 38, overall means for the variable 
FN53-R for the tillage systems were 36.9, 48.1 and 52.0 
percent respectively for conventional, chisel and no-till 
systems. As the area of soil surface covered by residue 
increased, or as the intensity of soil cultivation decreased, 
the amount of small particles transported by runoff 
increased. As for the Clarion soil, the conventional sys­
tem lost larger aggregates in the runoff than did other 
Table 34. Percent aggregates finer than 53 microns treatment means for 
Monona soil (runoff) 
Time Treatment numbers 
1 2 3 4 5 6 7 8 9  1 0  1 1  1 2  
Replica­ 5 61. 9 64. 5 72. 9 33. 9 48. 4 53. 5 41. 0 43. 7 32. 1 37. 0 23. 1 38. 8 
tion #1 30 47. 6 79. 0 57. 3 37. 3 50. 8 59. 0 37. 7 51. 1 32. 8 33. 2 30. 8 54. 5 
55 55. 3 65. 5 59. 1 39. 9 53. 0 55. 4 53. 1 59. 5 35. 2 39. 3 38. 6 58. 5 
Means 54. 9 69. 7 63. 1 37. 0 50. 7 56. 0 43. 9 51. 4 33. 4 36. 5 30. 8 50. 6 
Replica­ 5 35. 6 49. 7 38. 1 27. 9 39. 5 51. 1 40. 7 39. 1 27. 0 48. 6 33. 2 49. 1 
tion #2 30 40. 7 64. 0 52. 0 52. 7 80. 0 57. 0 42. 9 52. 3 38. 4 41. 2 34. 6 50. 7 
55 50. 6 52. 2 51. 1 26. 5 63. 6 40. 9 51. 7 50. 2 39. 5 49. 4 34. 3 32. 8 
Means 42. 3 55. 3 47. 1 35. 7 61. 0 49. 7 45. 1 47. 2 35. 0 46. 4 34. 0 44. 2 
Overall 48. 6 62. 5 55. 1 36. 4 55. 9 52. 8 44. 5 49. 3 34. 2 41. 5 32. 4 47. 4 
means 
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Table 35. Percent aggregates finer than 53 microns, means 
for Monona soil (Castana) 5 min after runoff 
Conventional Chisel No-till Means 
Soybeans-Soybeans 40.9 41.4 44.0 42.1 
Soybeans-Corn 29.6 48.7 44.0 40.8 
Corn-Soybeans 28.2 42.8 55.5 42.2 
Corn-Corn 30.9 52.3 57.1 46.8 
Means 32.4 46.3 50.2 43.0 
Table 36. Percent aggregates finer than 53 microns, means 
for Monona soil (Castana) 30 min after runoff 
Conventional Chisel No-till Means 
Soybeans-Soybeans 40.3 51.7 52.6 48.2 
Soybeans-Corn 35.6 44.2 65.4 48.4 
Corn-Soybeans 32.7 37.2 54.7 41.5 
Corn-Corn 45.0 58.0 71.5 58.2 
Means 38.4 47.8 61.1 
1—1 m
 
Table 37. Percent aggregates finer than 53 microns, means 
for Monona soil (Castana) 55 min after runoff 
Conventional Chisel No-till Means 
S oybe an s-Soybeans 52.4 54.9 45.7 51.0 
Soybeans-Corn 37.4 53.0 58.3 49.6 
Corn-Soybeans 36.5 44.4 55.1 45.3 
Corn-Corn 33.2 48.2 58.9 46.8 
Means 39.9 
1—1 o
 
If) 
54.5 48.2 
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Table 38. Percent aggregates finer than 53 microns, means 
for Monona soil (Castana) overall runoff means 
Conventional Chisel No-till Means 
Soybeans-Soybeans 44.5 49.3 47.4 47.1 
Soybeans-Corn 34.2 48.6 55.9 46.2 
Corn-Soybeans 32.4 41.5 55.1 43.0 
Corn-Corn 36.4 52.8 62.5 50.6 
Means 36.9 48.1 55.2 46.7 
Table 39. ANOVA, variable FN53-R for Monona soil (runoff) 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Replication 1 154. 2939 154. 2939 2. 46 0. 1297 
Rotation^ 3 522. 1467 174. 0489 1. 52 0. 2636 
Cultivation^ 2 4101. 5353 2050. 7676 17. 93 0. 0003 
Rot*Cult^ 6 1087. 5958 181. 2260 1-58 0. 2403 
Rep*Rot*Cult 11 1258. 2261 111. 3842 
Time 2 524. 2311 262. 1156 4. 18 0. 0276 
Rot*Time 6 568. 8467 94. 8078 1. 51 0. 2164 
Cult*Time 4 268. 5547 67. 1387 1. 07 0. 3924 
Rot*Cult*Time 12 429. 2808 35. 7734 0. 57 0. 8438 
Error 24 1503. 9600 62. 665 
Corrected Total 71 10418. 6711 
^The F-test for those variables used the mean square 
for Rep*Rot*Cult as an error term. 
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Table 41. ANOVA, variable FN53-R for Monona soil (Castana) 
Source DF Mean Mean F- Prob. 
(comparisons) squares squares value >F 
Ci=2xC0N-(CHS+NOT) 
C2=N0T-CHS 
Rl=BB+CB-BC-CC 
R2=BB-CB 
R3=BC-CC 
X2=CixR2 
X2=CixR2 
X3=C2^ xR^ 
X4=C2xRj^ 
X5=C2xR2 
T2=t2+t3-2tl 
T2=t2-t3 
Yi=CixTi 
Y?=C.xT, 
Y,=C2XT, 
Ï4=C2XT2 
Zi=RixT2 
Z2=RIXT2 
Z3=R2xTI 
Z4=R2XT2 
Z5=R3XTI 
Zc=R->xTo 
1 3485. 9184 3485. 9184 30. 48 0. 0002 
1 615. 6169 615. 6169 5. 38 0. 0406 
1 202. 6756 202. 6756 1. 77 0. 2101 
1 150. 4711 150. 4711 1. 32 0. 2757 
1 169. 0000 169. 0000 1. 48 0. 2496 
1 387. 7617 387. 7617 3. 39 0. 0927 
1 287. 6001 287. 6001 2. 51 0. 1411 
1 20. 4800 20. 4800 0. 18 0. 6803 
1 20. 4102 20. 4102 0. 18 0. 6809 
1 362. 7038 362. 7038 3. 17 0. 1026 
1 8. 6400 8. 6400 0. 08 0. 7885 
1 513. 7773 513. 7778 8. 20 0. 0086 
1 10. 4533 10. 4533 0. 17 0. 6866 
1 9. 6068 9. 6068 0. 15 0. 6989 
1 34. 0817 34. 0817 0. 54 0. 4680 
1 67. 3350 67. 3350 1. 07 0. 3103 
1 157. 5313 157. 5313 2. 51 0. 1259 
1 26. 1803 26. 1803 0. 42 0. 5242 
1 212. 5208 212. 5208 3. 39 0. 0779 
1 78. 3335 78. 3335 1. 25 0. 2746 
1 1. 5504 1. 5504 0. 02 0. 8763 
1 12. 7513 12. 7513 0. 20 0. 6560 
1 237. 5104 237. 5104 3. 79 0. 0633 
110 
systems. On Monona soil the comparison C2 was also signifi­
cant, meaning that apparently the percent of sediment 
particles (aggregates) finer than 53 microns was not the 
same for chisel and no-till systems of tillage. 
For the three times that samples were collected (5, 30 
and 55 minutes after runoff started) on Monona soil, the 
FN53-R for the tillage system increased in the order con­
ventional, chisel and no-tillage and the differences were 
statistically significant. On Clarion soil only the con­
ventional differed from the other two tillage systems, and 
the order between chisel and no-till was not the same for 
the three times that samples were collected. 
The comparisons for the Monona soil, as for the 
Clarion soil, show that the percentage of small aggregates 
in the eroded soil in runoff 5 minutes after runoff starts 
is significantly different from the other times that samples 
were collected. There was no difference between FN53-R for 
the two later times. 
By comparing the means from Tables 26, 27 and 28 for 
Clarion soil and those from Tables 35, 36 and 37 for Monona 
soil, one could see that apparently + ne time during a rain­
fall in which the runoff samples are taken has a different 
effect for different soils. Xs shown in Table 4, the 
Monona soil has 95 percent of its primary particles less 
than 53 microns, while the Clarion soil has about 42 percent. 
Ill 
and the sand fraction for the Monona soil consists of 
particles between 0.1 and 0.053 mm while in the Clarion 
soil, the sand fraction consists of particles uniformly 
distributed from 2.00 till 0.053 mm. Apparently the sand 
size aggregates from Monona soil consist of smaller particle 
size than on the Clarion soil; hence the density of aggre­
gates from Clarion soil probably is higher than the same 
size of aggregates for Monona soil, influencing the trans­
port in the runoff at different flow rates. Also, the 
Clarion soil has much lower slopes. 
Overall Comparison of Aggregate Size 
Distribution in Soil and Runoff 
For both Monona and Clarion soils the percent of aggre­
gates less than 53 microns was larger for samples taken 
after rather than before rainfall simulation. The increase 
in percent of the small aggregates during rainfall simula­
tion clearly shows the effect of rainfall on breakdown of 
large aggregates. 
This variation could be related to the moisture content 
at the sampling time as reported by Gish and Browning (1948) 
and Hipsley et al. (1978) . Others, however, have attributed 
the reduction to the effect of raindrop energy (Laws, 1941; 
Ellison, 1944a; and 1944b). Ellison (1944a) hypothesized 
that the increase of percent of aggregates smaller than 105 
mm in his samples was due to: 
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a) Large aggregates breaking down under the impact of 
raindrops, 
b) Large aggregates being carried away by surface 
flow, or 
c) Large aggregates being left on the surface of the 
plot and not carried by either raindrops or surface 
flow. 
The results of this study in which FN53-S was measured 
before and after rainfall simulation in the upper 1 cm of 
the soil surface indicate that apparently the third Ellison 
Hypothesis was not valid for this experiment. 
One could infer from data presented in Tables 14-16 
and 27-30 for Clarion soil and 20-22 and 35-38 for Monona 
soil that the second hypothesis also is not valid since the 
runoff flow in any time during a rainfall carries a greater 
percent of small aggregates than was found in the soil in 
place even after the rainfall simulation. 
The first hypothesis, "the large aggregates breaking 
down under the impact of raindrops," is the only one that 
apparently happened, at least for the thin layer of soil 
surface analyzed. 
In the present study, the soil samples were collected 
and kept in plastic bags some days. In the laboratory, 
they were air dried and kept in plastic bags for further 
analysis. 
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The samples that were collected after rainfall were 
wetter than the ones collected before rainfall. This fact 
could help the development of fungus which could cause an 
apparent increase on the measured aggregate size, but the 
results showed that the effect did not happen. The FN53-S 
for all treatment was larger for samples collected after 
rainfall simulation than before. 
There were no interactions between the time that samples 
were taken and any treatment combination for both soils; thus, 
other factors like crop canopy and lower leaf drop should 
probably be considered on elimination of raindrop impacts. 
The difference of FN53-S before and after rainfall 
simulation was as shown in Table 42. 
Table 42. Differences in FN53-S before and after rainfall 
simulation for tillage system and crop rotation 
means for Clarion and Monona soil 
.^ Crop rotation Tillage system 
BB BC CB CC CON CHS NOT 
Clarion 3.7 5.6 4.3 6.4 5.8 4.6 4.5 
Monona 6.8 8.1 13.1 14.1 13.0 11.2 7.4 
Overall means 5.3 6.9 8.7 10.3 9.4 7.9 6.0 
From the tillage system viewpoint the increase of FN53-S 
was apparently dependent on the percent surface cover, but 
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this was not true when crop rotations were analyzed, which 
suggests that other factors than only residue percent 
surface cover should be considered. 
When tillage is considered, the amount of FN53-R 
is lower for treatments with low percent residue cover and 
higher for treatments witli higher percent residue cover. 
For crop rotations, this was n.ot so. 
Apparently, the size of aggregates in runoff samples is 
not a simple function of the percent of residue cover. When 
tillage is considered, each tillage system has a dif­
ferent percent of residue cover, but they also have dif­
ferent intensities of disturbed soil surface, different 
infiltration rate and different size of aggregates on the 
soil surface. 
The aggregate distribution histograms for soil samples 
before and after rainfall simulation and for runoff samples 
on Clarion and Monona soil s for cultivation and rotation 
treatments are summarized in Figures 21-24. 
Figures 21-24 show th_at the aggregates from soil 
samples of both soils have: similar aggregate size distribu­
tion for all treatments. The different treatment combina­
tions influenced the total amount of single sized aggregates 
but this change does not seem to be large enough to modify 
the general distribution. 
An important aspect to analyze is the variation of the 
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Figure 21. Soil aggregates and sediment size distributions 
for Clarion soil for the cultivation treatments 
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Figure 22. Soil aggregates and sediment size distributions 
for Clarion soil for the crop rotation treatments 
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aggregates before and after rainfall simulation. Aggregates 
belonging to the classes <53 ym, 53-125 ym and 125-250 ym 
decreased, for both soils (Table 43), during rainfall 
simulation. 
Apparently 90 percent of the aggregates in the runoff 
samples on the Clarion soil are finer than 250 ym. On the 
Monona soil this value is 88 percent. On both soils, the 
percent of aggregates finer than 250 ym is larger in the 
runoff sample than in the soil in place either before or 
after rainfall simulation. 
There are no large aggregates carried in the runoff. 
The largest aggregates carried in the runoff for both soils 
belonged to 1000-2000 ym aggregate class, but this was only 
0.4 percent by weight. 
There is a decreased percentage of aggregates larger 
than 250 ym after rainfall simulation as compared to those 
before rainfall simulation. 
By the consideration above, one could infer that appar­
ently the aggregates larger than 250 ym are breaking down 
into smaller aggregates rather than being transported from 
the plot as discussed earlier. 
It was found in the literature review that aggregates 
bigger than 4760 ym in diameter were not readily detached 
from the surface by the large simulated raindrops when 
natural aggregates and aggregates previously treated with 
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Table 43. Percent of aggregate sizes for samples before and 
after rainfall simulation and in runoff samples, 
for Clarion and Monona soils 
Classes of aggregates in micrometers (ym) 
0- 53- 125- 250- 500- 1000- 2000- 4000- 5660-
53 125 250 500 1000 2000 4000 5660 9520 
Before 
(Clarion) 
13.7 13.8 23.3 23.3 11.1 6.1 8.6 — —  —  —  
After 
(Clarion) 
18.7 17.8 27.3 22.6 7.6 3.0 3.1 — — 
Runoff 
(Clarion) 
46.2 19.1 24.7 7.5 2.0 0.4 
Before 
(Monona) 
32.7 15.8 13.6 16.9 10.7 4.4 3.4 1.4 .5 
After 
(Monona) 
43.1 20.5 16.5 13.8 4.4 1.0 0.5 0.2 
Runoff 
(Monona) 
65.3 7.5 15.4 8.7 2.3 0.4 
Krilium were compared (Mazurak and Mosher, 1970) . 
In the present work it was found that the large aggregates 
are not carried in the runoff. The most aggregates carried 
in runoff are small particles which apparently originated 
from the aggregates larger than 250 pm. Thus, apparently, 
at least for the aggregates in the upper 1 cm on the soil 
surface, the aggregates larger than 250 ym seem to be the 
less stable. 
If one intends to decrease the large amount of small 
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particles in the runoff to keep the nutrients and fertilizers 
in the soil, one should try to protect the largest aggre­
gates from being broken. 
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SUMMARY AND CONCLUSIONS 
Eroded sediment often is a mixture of aggregates and 
primary particles. The amount of aggregation and the sizes 
of the aggregates and primary particles vary widely for 
different soil conditions. Most particles that erode from 
soil settle out of the water before they reach major streams 
or reservoirs. One factor that determines location and 
rate of settling is the size of eroded sediment. 
The objectives of this work were: 
1) To determine the effect of tillage and crop rota­
tion on the size distribution of eroded sediment in runoff 
water. 
2) To determine the effect of tillage and crop rota­
tion on change in aggregate size distribution of the sur­
face soil caused by a storm. 
A randomized complete block design with two replica­
tions was used to assign three tillage practices (chisel 
plow, conventional and no-till), and four crop rotations 
(soybeans after soybeans, soybeans after corn, corn after 
soybeans and corn after corn) at two experimental sites 
located on soil representing relatively large areas of Iowa 
(Monona-Ida-Hamburg Soil Association in Western Iowa and the 
Clarion-Nicollet-Webster Soil Association in Central Iowa). 
A rotating-boom rainfall simulator designed by Swanson 
(1965) was used to apply simulated rainfall for about 1% 
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hours at an intensity of 6.35 cm/hour on 3.05 x 10.67 m 
plots between 89-102 days after planting. 
Soil samples from the upper 1 cm soil layer were col­
lected before and after rainfall simulation for primary 
particle and aggregate distribution determinations. Crop 
residue cover was measured. Runoff samples were collected 
from each plot at 5, 30, and 55 minutes after runoff began 
for sediment concentration and wet-sieving aggregate distri­
bution determination. 
From two preliminary tests conducted to choose the best 
procedure for soil aggregate particle distribution determina­
tion, the soil sample constituted of aggregates between 
9.52 and 2.00 mm was chosen as the work-sample and the one-
hour time of flooding was selected as the pre-treatment 
for the work-sample on the wet-sieving aggregate distribu­
tion determination. 
For the main experiment, the aggregates finer than 53 
microns were chosen as the variable of the experiment. 
There were no differences in aggregate size distribu­
tion for any kind of treatment combination on the soil 
samples of both soils. 
The soil samples after rainfall simulation for Clarion 
and Monona soils showed less particles bigger than 250 um 
and more particles smaller than 250 ym than the soil samples 
taken before rainfall simulation^ which means that the 
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aggregates larger than 250 ym are more destructible in the 
soil during a rainfall. 
The analysis of the data from the soil samples taken 
before and after rainfall simulation and the runoff samples 
shows the following: 
The percent soil coverage increased in the following 
order: conventional, chisel, and no-till for tillage systems 
and corn after soybeans, continuous corn, continuous soybeans 
and soybeans after corn for crop rotations. The high residue 
amounts for soybeans as compared to corn are due to lower 
leaf drop from soybeans. This is not typical for soybeans 
earlier in the season. 
The percent of aggregates finer than 53 microns for soil 
sampled after rainfall simulation was larger than before rain­
fall simulation for all plots on both Clarion and Monona 
soils, showing the effect of the rainfall in breaking down the 
large aggregates, but there was no interaction between the 
time that samples were taken and any treatment combinations. 
Apparently crop rotation and tillage systems had no 
effect on the amount of stable aggregates smaller than 53 
microns for the Clarion soil. 
Apparently the conventional method of tillage produces 
the most aggregates on the soil surface, as shown by the 
smaller amount of FN53-S for both soils before rainfall 
simulation-
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On continuous com, the rainfall simulation produced 
larger amounts of FN53-S than on continuous soybeans for 
both soils. This may be due to greater residue after soy­
beans than after corn, for this experiment. 
Apparently, the large aggregates are first detached 
from the soil surface by rainfall drops and then transported 
in the runoff, but when a thin layer of water covers the 
soil surface, the effect of the raindrop impact is increased 
and the aggregates break down easier, decreasing the percent 
of large aggregates in the runoff. 
The plot with the conventional method of tillage, the 
one with the least amount of residue cover, delivers more 
large aggregates in the runoff or a smaller amount of FN53-R 
as compared to the other two tillage systems. 
The FN53-R is not a function of the percent of residue 
surface cover when crop residue data are analyzed as it is 
for tillage system data. 
The different treatment combinations do not change the 
general aggregate size distribution. 
Apparently, the aggregates larger than 250 um are the 
most unstable in the soil surface, breaking down into small 
aggregates, which are more easily carried in the runoff. 
Thus, research should be conducted toward an economic way 
to increase the resistance of the large aggregates against 
the raindrop collision. 
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Table Al. Runoff flow rates at 5, 30 and 55 minutes after 
runoff starts 
Clarion soil Monona soil 
Flow Flow 
Plot Sample Time rate Plot Sample Time rate 
# # (minutes) mm/h # # (minutes) mm/h 
1 1 5 1 .5  1 1 5 4 .6  
1 2 30 16 .7  1 2 30 21.1 
1 3 55 25 .4  1 3 55 23 .9  
2 1 5 1 .0  2 1 5 14 .5  
2 2 30 5 .1  2 2 30 38 .9  
2 3 55 21 .6  2 3 55 43 .4  
3 1 5 3 .0  3 1 5 28 .7  
3 2 30 12 .7  3 2 30 46 .5  
3 3 55 32 .0  3 3 55 49 .5  
4 1 5 1 .0  4 1 5 27 .7  
4 2 30 9 .3  4 2 30 40 .4  
4 3 55 16 .8  4 3 55 43 .2  
5 1 5 3 .8  5 1 5 7 .9  
5 2 30 9 .9  5 2 30 24 .1  
5 3 55 22 .9  5 3 55 27 .2  
6 1 5 1 .8  6 1 5 6 .9  
6 2 30 31 .7  6 2 30 18 .8  
6 3 55 40 .9  6 3 55 24 .4  
7 1 5 7 .6  7 1 5 10 .1  
7 2 30 22 .9  7 2 30 29 .0  
7 3 55 22 .9  7 3 55 31 .8  
8 1 5 1 .0  8 1 5 15 .7  
8 2 30 3 .6  8 2 30 29 .5  
8 3 55 4 .0  8 3 55 30 .5  
9 1 5 2 .5  9 1 5 2 .8  
9 2 30 8 .9  9 2 30 25 .1  
9 3 55 18 .0  9 3 55 34 .8  
10 1 5 4 .6  10 1 5 14 .2  
10 2 30 24 .1  10 2 30 33 .8  
10 3 55 28 .7  10 3 55 38 .1  
11 1 5 1 .8  11 1 5 12 .4  
11 2 30 31 .5  11 2 30 37 .3  
11 3 55 47 .0  11 3 55 44 .5  
12 1 5 1 .0  12 1 5 2 .5  
12 2 30 16 .2  12 2 30 31 .8  
12 3 55 32 .5  12 3 55 40 .9  
13 1 5 2 .0  13 1 5 9 .4  
13 2 30 27 .9  13 2 30 35 .3  
13 3 55 32 .8  13 3 55 39 .6  
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Table Al continued 
Clarion soil 
Flow 
Plot Sample Time rate 
# # (minutes) ram/h 
Monona soil 
Flow 
Plot Sample Time rate 
# # (minutes) mm/h 
14 1  5  2 .5  14  1  5  8 .9  
14  2  30  8 .6  14  2  30  41 .7  
14  3  55  15 .0  14  3  55  46 .7  
15  1  5  1 .5  15  1  5  8 .6  
15  2  30  23 .6  15  2  30  27 .7  
15  3  55  32 .5  15  3  55  36 .3  
16  1  5  3 .8  16  1  5  12 .  2  
16  2  30  38 .6  16  2  30  32 .8  
16  3  55  46 .0  16  3  55  42 .1  
17  1  5  1 .3  17  1  5  22 .9  
17  2  30  4 .3  17  .2  30  43 .4  
17  3  55  9 .9  17  3  55  44 .2  
18  5  3 .8  18  1  5  6 .1  
18 2  30  30 .2  18  2  30  34 .3  
18  3  55  34 .5  18  3  55  46 .7  
19  1  5  1 .8  19  1  5  7 .1  
19 2  30  3 .8  19  2  30  19 .8  
19  3  55  9 .9  19  3  55  29 .0  
20  1  5  2 .5  20 1  5  9 .1  
20 2  30  24 .1  20  2  30  45 .2  
20  3  55  35 .3  20  3  55  50 .0  
21  1  5  1 .3  21  1  5  5 .3  
21  2  30  8 .9  21  2  30  27 .7  
21  3  55  20 .0  21  3  55  35 .0  
22  1  5  3 .0  22  1  5  14 .9  
22  2  30  16 .3  22  2  30  35 .0  
22  3  55  21 .1  22  3  55  34 .8  
23  1  5  2 .5  23  1  5  8 .1  
23 2  30  19 .1  23  2  30  39 .6  
23  3  55  32 .5  23  3  55  42 .4  
24  1  5  2 .0  24  1  5  15 .7  
24  2  30  19 .1  24 2  30  41 .7  
24  3  55  27 .9  24  3  55  47 .2  
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Table Bl. Sediment concentration (ppm) for Clarion soil at 
5, 30 and 55 minutes after runoff begins 
5 minutes Conventional Chisel No-till Mean 
Soybeans-Soybeans 19456 26809  22591  22952  
Soybeans-Corn 20393  29807  7781  19327 
Co rn-Soybeans 34718 28499  17249 26822  
Corn-Corn 27700  27462  8494  21219 
Mean 25567  28144 14029 22580  
30 minutes Conventional Chisel No-till Mean 
Soybeans-Soybeans 4534  6408  5846  5596  
Soybeans-Corn 16763 19298 5246  13769 
Corn-Soybe ans 16691 14035  6735  12487 
Corn-Corn 23086  10249  6556  13297 
Mean 15269 12498  6096  11287 
55 minutes Conventional Chisel No-till Mean 
Soybeans-Soybeans 2222  3601  4782  3535  
Soybeans-Corn 6393  11243 2775  6804  
Corn-Soybeans 15274 9895  4260  9810 
Corn-Corn 14902  6581 3806 8430 
Mean 9698  7830  3906  7144 
Average Conventional Chisel No-till Mean 
Soybeans-Soybeans 8737  12273 11073 10694 
Soybeans-Corn 14516 20116 5267  13300 
Corn-Soybeans 22228  17476 9415 16373  
Corn-Corn 21896 14764 6285  14315 
Mean 16844  16157 8010 13671 
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Table B2. Sediment concentration (ppm), for Monona soil at 
5, 30 and 55 minutes after runoff begins 
5 minutes Conventional Chisel No-till Mean 
Soybeans-Soybeans 37153 
Soybeans-Corn 32333 
Corn-Soybeans 37006 
Corn-Com 25205 
Mean 32924 
20861  23013  27009  
18434  16110  22292  
20563  12572  23380  
12415 13676 17099 
18068 16343 22445 
^0 minutes Conventional Chisel No-till Mean 
Soybeans-Soybeans 5782  5009  5345  5379  
Soybeans-Corn 13329  4148 9880  9119 
Corn-Sovbeans 30568  16070  8219 18286 
Corn-Corn 23369  5952  3570  10964  
Mean 18262  7795  6754  10937  
55 minutes Conventional Chisel No-till Mean 
Soybeans-Soybeans 4028  4428  7540  5332  
Soybeans-Corn 10522 3892  3039  5818 
Corn-Soybeans 29212 16170 8779  18054  
Corn-Corn 20109 6461  2213 9594  
Mean 15968  7738  5393  9700  
Average Conventional Chisel No-till Mean 
Soybeans-Soybeans 15654 10099  11966 12573  
Soybeans-Corn 18728  8825  9676  12410 
Corn-Soybeans 32262  17601 9857  19907  
Corn-Corn 22894  8276  6486  12552  
Mean 22385  11200 9496  14360  
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Table Cl. Percent of soil surface covered by crop residue 
Clarion soil Monona soil 
Plot # % Plot # % 
1 33 1 42 
2 37 2 42 
3 19 3 25 
4 37 4 6 
5 15 5 47 
6 24 6 29 
7 35 7 33 
8 35 8 41 
9 20 9 37 
10 28 10 15 
11 17 11 5 
12 27 12 36 
13 23 13 8 
14 21 14 38 
15 9 15 25 
16 11 16 25 
17 27 17 31 
18 28 18 48 
19 34 19 55 
20 25 20 7 
21 24 21 34 
22 27 22 50 
23 11 23 63 
24 26 24 19 
146b 
Table C2. ANOVA, variable percent residue cover for 
Clarion soil (Ames) 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Replication 1 155 .  . 042  155 .  . 042  — — 
Rotation 3 731. . 792  243 .  . 931  16 .  .32  0. . 0002  
Cultivation 2 336 .  . 333  168 .  . 166  11. . 25  0. . 0022  
Rot*Cult 6 169. . 333  28 .  .222  1. .89  0, .1710 
Error 11 164 .  . 458  14 .  . 951  
Corrected total 23 1556 .  . 958  
Table C3. ANOVA, variable percent residue cover for Monona 
soil (Castana) 
Source DF Sum of Mean F- Prob. 
squares squares value >F 
Replication 1 18. . 375  18 .  , 375  — — 
Rotation 3 3075 .  . 458  1025 .  , 153  34 .  . 47  0, . 0001  
Cultivation 2 2245 .  , 583  1122. ,  792  37 .  , 76  0. . 0001  
Rot*Cult 6 210. . 417  35 .  , 070  1, . 18  0. . 3836  
Error 11 327 .  . 125  29 .  , 739  
Corrected total 23 5876 .  . 958  
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Table Dl. Analysis of variance procedure means for soil sam­
ples before and after rainfall simulation from 
Clarion soil 
Rep Number MWD FN53 FN125 FN250 FN500 
1 24 388  17 .21  33 .41  58 .23  80 .88  
2 24 427  15.16 30 .57  56 .33  79 .65  
Rot Number MWD FN53 FN125 FN250 FN500 
BB 12 411 15 .82  32 .30  58 .83  81 .35  
BC 12 415 16 .49  32 .49  57 .48  79 .70  
CB 12 422  16.14 31 .53  56 .40  79 .57  
CC 12 382  16 .29  31 .64  56 .41  80 .44  
Cult Number MWD FN53 FN125 FN250 FN500 
CON 16 383  15.16 30 .70  56 .28  81 .06  
CHS 16 404  16 .99  33 .27  58 .89  80 .88  
NOT 16 436  16 .41  32 .01  56 .67  78 .86  
Rot Cult Number MWD FN53 FN125 FN250 FN500 
BB CON 4 385  15 .78  32 .39  59 .25  82 .50  
BB CHS 4 437  15 .23  31.12 57 .88  80 .08  
BB NOT 4 410 16 .45  33 .40  59 .38  81 .48  
BC CON 4 391  14 .33  30 .55  56 .23  80 .70  
BC CHS 4 379  17 .60  34 .15  60 .18  81 .83  
BC NOT 4 476  17 .55  32 .78  56 .05  76 .58  
CB CON 4 397  14 .43  29 .90  55 .85  81 .30  
CB CHS 4 439  17 .70  33 .63  57 .43  78 .65  
CB NOT 4 430  16 .30  31 .08  55 .93  78 .75  
CC CON 4 359  16.10 29 .98  53 .80  79 .75  
CC CHS 4 361  17 -45  34 .18  60 .10  82 .95  
CC NOT 4 428  15 .33  30 .78  55 .33  78 .63  
Time Number MWD FN53 FN125 FN250 FN500 
Before 24 508 13.70 27.52 50.85 74.18 
After 24 307 18.67 36.46 63.72 86.35 
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Table Dl continued 
Rot Time No. MWD FN53 FN125 FN250 FN500 
BB Before 6 489 13.98 28.87 53.88 76.80 
BB After 6 333 17-65 35.73 63.78 85.90 
BC Before 6 541 13.72 27.37 50.18 72.80 
BC After 6 290 19.27 37.62 64.78 86.60 
CB Before 6 519 13.97 27.43 50.53 73.75 
CB After 6 324 18.32 35.63 62.27 85.38 
CC Before 6 484 13.13 26.42 48.78 73.35 
CC After 6 281 19.45 36.87 64.03 87.53 
Cult Time No. MWD FN53 FN125 FN250 FN500 
CON Before 8 463 12.23 26.03 49.64 75.44 
CON After 8 303 18.09 35.38 62.93 86.69 
CHS Before 8 501 14.70 28.71 52.39 75.03 
CHS After 8 307 19.29 37.83 65.40 86.73 
NOT Before 8 561 14.18 27.83 50.51 72.06 
NOT After 8 310 18.64 36.19 62.83 85.65 
Rot Cult Time No. MWD FN53 FN125 FN250 FN500 
BB CON Before 2 480  13 .  25 27 .  80 52 .  75 76 .  55 
BB CON After 2 290  18. 30 36 .  95 65 .  75 88 .  45 
BB CHS Before 2 530  12. 70 26 .  70 51. 85 74 .  80 
BB CHS After 2 345  17. 75 35 .  55 63 .  90 85 .  35 
BB NOT Before 2 456  16. 00 32 .  10 57 .  05 79 .  05 
BB NOT After 2 364  16. 90 34 .  70 61. 70 83 .  90 
BC CON Before 2 461  11. 35 26 .  25 50 .  55 76 .  70 
BC CON After 2 322  17. 30 34 .  85 61. 90 84 .  70 
BC CHS Before 2 495  15. 30 29 .  00 52 .  75 75 .  05 
BC CHS After 2 263  19 .  90 39 .  30 67 .  60 88 .  60 
BC NOT Before 2 667  14 .  50 26 .  85 47 .  25 66 .  65 
BC NOT After 2 285  20 .  60 38 .  70 64 .  85 86 .  50 
CB CON Before 2 437  13 .  90 28 .  60 52 .  45 78 .  40 
CB CON After 2 356  14 .  95 31. 20 59 .  25 84 .  20 
CB CHS Before 2 545  15. 05 28 .  60 50 .  55 72 .  10 
CB CHS After 2 332  20 .  35 38 .  65 64 .  30 85 .  20 
CB NOT Before 2 576  12 .  95 25 .  10 48 .  60 70 .  75 
CB NOT After 2 284  19. 65 37 .  05 63 .  25 86 .  75 
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Table Dl continued 
Rot Cult Time No. MWD FN53 FN125 FN250 FN500 
cc  CON Before 2 473 10 .  40  21 .  45  42 .  80  70 .  10  
cc  CON After 2 245 21 .  80  38 .  50  64 .  80  89 .  40  
cc  CHS Before 2 432 15 .  75  30 .  55  54 .  40  78 .  15  
cc  CHS After 2 289 19 .  15  37 .  80  65 .  80  87 .  75  
cc  NOT Before 2 547 13 .  25  27 .  25  49 .  15  71 .  80  
cc  NOT After 2 308 17 .  40  34 .  30  61 .  50  85 .  45  
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Table d2. Analysis of variance procedure means for soil 
samples before and after rainfall simulation 
from Monona soil 
Rep Number MWD FN53 FN125 FN250 FN500 
1 24 333  35 .90  53 .86  69 .05  84 .66  
2 24 241  39 .81  58 .05  73 .02  88 -44  
Rot Number MWD FN53 FN125 FN250 FN500 
BB 12 270  37 .28  55 .62  71 .48  87 .54  
BC 12 345  35.94  54 .36  70 .39  85 .09  
CB 12 259  39 .73  57 .74  72 .35  87 .78  
CC 12 275  38 .48  56 .09  69 .92  85 .78  
Cult Number MWD FN53 FN125 FN250 FN500 
CON 16 297  34 .61  51 .51  66 .78  84 .16  
CHS 16 271  39 .67  57 .83  72 .55  87 .51  
NOT 16 293  39 .29  58 .52  73 .78  87 .98  
Rot Cult Number Ml'7D FN53 FN125 FN250 FN500 
BB CON 4 307  32 .78  50 .50  67 .45  84 .65  
BB CHS 4 277  35 .68  53 .50  69 .83  87 .20  
BB NOT 4 226  43 .40  62 .85  77 .15  90 .78  
BC CON 4 332  34 .93  52 .78  67 .80  83 .08  
BC CHS 4 241  40 .80  61 .65  77 .33  90 .95  
BC NOT 4 461  32 .10  48 .65  66 .05  81 .25  
CB CON 4 251  37 .08  53 .58  68 .48  86 .90  
CB CHS 4 317 40 .78  58 .55  72.90  86 .10  
CB NOT 4 210 41 .35  61.10 75 .68  90 .35  
CC CON 4 298  33 .68  49 .20  63 .38  82 .00  
CC CHS 4 251  41 .43  57 .60  70 .15  85 .78  
CC NOT 4 275 40 .33  61 .48  76 .23  89 .55  
Time Number MWD FN53 FN125 FN250 FN500 
Before 24 413 32 .59  48 .28  61 .99  79 .20  
After 24 161 43 .13  63 .63  80 .08  93 .89  
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Table D2 continued 
Rot Time No. MWD FN53 FN125 FN250 FN500 
BB Before 6 376 33.87 49.73 64.32 81.55 
BB After 6 164 40.70 61.50 78.63 93.53 
BC Before 6 515 31.85 46.58 59.57 75.50 
BC After 6 174 40.03 62.13 81.22 94.68 
CB Before 6 386 33.22 49.15 62.73 79.85 
CB After 6 132 46.25 66.33 81.97 95.72 
CC Before 6 377 31.42 47.63 61.33 79.92 
CC After 6 172 45.53 64.55 78.50 91.63 
Cult Time No. MWD FN53 FN125 FN250 FN500 
CON Before 8 413 28.09 42.61 56.98 76.48 
CON After 8 181 41.14 60.41 76.58 91.84 
CHS Before 8 384 34.06 50.26 63.89 80.50 
CHS After 8 159 45.28 65.39 81.21 94.51 
NOT Before 8 444 35.61 51.95 65.10 80.64 
NOT After 8 143 42.98 65.09 82.45 95.33 
Rot Cult Time No. MWD FN53 FN125 FN250 FN500 
BB CON Before 2 399  29 .  80 46 .  30 61. 85 79 .  10 
BB CON After 2 214 35 .  75 54 .  70 73 .  05 90 .  20 
BB CHS Before 2 388  32 .  20 48 .  50 63 .  90 81. 20 
BB CHS After 2 165 39 .  15 58 .  50 75 .  75 93 .  20 
BB NOT Before 2 339  39 .  60 54 .  40 67 .  20 84 .  35 
BB NOT After 2 113 47 .  20 71. 30 87 .  10 97 .  20 
BC CON Before 2 533  25 .  50 38 .  60 51. 95 70 .  30 
BC CON After 2 131 44 .  35 66 .  95 83 .  65 95 .  85 
BC CHS Before 2 274  38 .  80 58 .  60 72 .  50 87 .  30 
BC CHS After 2 208  42 .  80 64 .  70 82 .  15 94 .  60 
BC NOT Before 2 738  31. 25 42 .  55 54 .  25 68 .  90 
BC NOT After 2 184 32 .  95 54 .  75 77 .  85 93 .  60 
CB CON Before 2 360  29 .  30 43 .  70 57 .  95 78 .  70 
CB CON After 2 143 44 .  85 63 .  45 79 .  00 95 .  10 
CB CHS Before 2 515 33 .  80 49 .  10 61. 45 75 .  55 
CB CHS After 2 118 47 .  75 68 .  00 84 .  35 96 .  65 
CB NOT Before 2 284  36 .  55 54 .  65 68 .  80 85 .  30 
CB NOT After 2 137 46 .  15 67 .  55 82 .  55 95 .  40 
Table D2 continued 
Rot Cult Time No. MWD FN53 FN125 FN250 FN500 
cc  CON Before 2 359 27 .  75  41 .  85  56 .  15  77 .  80  
cc  CON After 2 357 39 .  60  56 .  55  70 .  60  86 .  20  
cc  CHS Before 2 360 31 .  45  44 .  85  57 .  70  77 .  95  
cc  CHS After 2 143 51 .  40  70 .  35  82 .  60  93 .  60  
cc  NOT Before 2 413 35 .  05  56 .  20  70 .  15  84 .  00  
cc  NOT After 2 138 45 .  60  66 .  75  82 .  30  95 .  10  
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Table D3 .  Analysis of variance procedure means for runcff 
samples from Clarion soil 
Rep Number MWD FN53 FN125 FN250 FN500 
1 36 230  27 .01  44 .85  64 .10  89 .40  
2 36 210 30 .19  47 .62  66 .50  90 .68  
Rot Number MWD FN53 FN125 FN250 FN500 
BB 18 222  29 .22  46 .79  65 .91  89 .60  
BC 18 216 27 .50  46 .39  66 .73  91 .52  
CB 18 219 27 .88  45 .23  64 .04  89 .41  
CC 18 221 29 .77  46 .52  64 .53  89 .65  
Cult Number MWD FN53 FN125 FN250 FN500 
CON 24 243  25 .81  43 .04  62 .34  88 .11  
CHS 24 198 30 .14  48 .51  67 .68  91 .98  
NOT 24 217 29 .85  47 .15  65 .89  90 .03  
Rot Cult Number MWD FN53 FN125 FN250 FN500 
BB CON 6 249  28 .05  46 .00  65 .25  87 .42  
BB CHS 6 194 34 .33  52 .07  70 .33  91 .65  
BB NOT 6 224  25 .28  42 .31  62 .13  89 .73  
BC CON 6 242  26 .08  44 .88  66 .12  90 .65  
BC CHS 6 189 25 .03  45 .55  67 .35  94 .53  
BC NOT 6 217 31 .40  48 .75  66 .73  89 .33  
CB CON 6 233  23 .38  40 .57  60 .33  88 .  68  
CB CHS 6 206  31 .46  49 .05  67 .57  90 .67  
CB NOT 6 219 28 .91  46 .07  64 .22  88 .88  
CC CON 6 250  25 .71  40 .72  57 .67  85 .68  
CC CHS 6 204  29 .83  47 .38  65 .45  91 .08  
CC NOT 6 210 33 .78  51 .45  70 .47  92 .18  
Time Number MWD FN53 FN125 FN25Û FN500 
5  24  200  25 .02  44 .66  65 .10  92 .71  
30  24  236  28 .65  45 .98  65 .05  88 .49  
55  24  223  31 .23  48 .06  65 .75  88 .93  
Table D3 continued 
Rot Time No, I'iWD FN53 FN125 FN250 FN500 
BB 5 6 216 25 .37  43 .65  62 .42  90 .47  
BB 30 6 233  29 .77  47 .36  67 .33  88 .42  
BB 55 6 217 32 .53  49 .36  67 .97  89 .92  
BC 5 6 176 28 .89  49 .00  69 .78  95 .55  
BC 30 6 235  24 .75  43 .10  64 .22  89 .90  
BC 55 6 237  28 .98  47 .08  66 .20  89 .07  
CB 5 6 212 23 .25  41.15 62 .48  91 .93  
CB 30 6 222  30 .05  47 .66  65 .87  88 .35  
CB 55 6 223  30 .36  46 .86  63 .77  87 .95  
CC 5 6 196 26 .58  44 .85  65 .73  92 .90  
CC 30 6 252  29 .73  45 .76  62 .80  87 .28  
CC 55 6 216 33 .02  48 .93  65 .05  88 .77  
Cuit Time No. MWD FN53 FN125 FN250 FN500 
CON 5 8 207  25 .74  43 .61  64 .27  91 .85  
CON 30 8 264  25 .15  41 .96  61.14 85 .87  
CON 55 8 259  26 .54  43 .55  61 .61  86 .60  
CHS 5 8 194 26 .03  45 .69  65 .79  93 .34  
CHS 30 8 207  30 .71  48 .93  68 .35  91.15 
CHS 55 8 193 33 .68  50 .93  68 .89  91 .46  
NOT 5 8 199 26 .30  44 .69  65 .25  92 .95  
NOT 30 8 236  29 .79  47 .04  65 .68  88 .44  
NOT 55 8 217 33 .45  49 .71  66 .74  88 .71  
Rot Cuit Time No. MWD FN53 FN125 FN250 FN500 
BB CON 5 2 228  24 .55  43 .25  62 .80  89 .95  
BB CON 30 2 266  30 .30  47 .60  67 .70  84 .40  
BB CON 55 2 251  29 .30  47 .15  65 .25  87 .90  
BB CHS 5 2 174 31 .25  52 .00  71 .20  93 .85  
BB CHS 30 2 218 32 .90  50 .65  68 .80  90 .00  
BB CHS 55 2 189 38 .85  53 .55  71 .00  91.10 
BB NOT 5 2 245  20 .30  35 .70  53 .25  87 .60  
BB NOT 30 2 215 26 .10  43 .85  65 .50  90 .85  
BB NOT 55 2 212 29 .45  47 .40  67 .65  90 .75  
BC CON 5 2 150 33 .50  54 .00  76 .90  97 .50  
BC CON 30 2 281  21 .55  39 .60  60 .00  87 .75  
BC CON 55 2 294  23 .20  41 .05  61 .45  86 .70  
BC CHS 5 2 206  20 .10  40 .95  60 .85  94 .40  
BC CHS 30 2 186 25 .25  45 ,  00  69 .70  94 .95  
BC CHS 55 2 176 29 .75  50 .70  71 .50  94 .25  
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Table D3 continued 
ft- Cuit Time No. MWD FN53 FN125 FN250 FN500 
BC NOT 5 2 172 33 .05  52 .05  71 .60  94 .75  
BC NOT 30 2 238  27 .15  44 .70  62 .95  87 .00  
BC NOT 55 2 242  34 .00  49 .50  65 .65  86 .25  
CB CON 5 2 226  21 .20  37 .25  58 .60  90 .60  
CB CON 30 2 240  24 .70  42 .15  61 .40  87 .65  
CB CON 55 2 233  24 .25  42 .30  61 .00  87 .80  
CB CHS 5 2 198 28 .05  46 .60  66 .30  92 .35  
CB CHS 30 2 216 32 .45  50 .50  68 .90  89 .60  
CB CHS 55 2 203  33 .60  50 .05  67 .50  90 .05  
CB NOT 5 2 212 20 .50  39 .60  62 .55  92 .85  
CB NOT 30 2 211 33 .00  50 .35  67 .30  87 .80  
CB NOT 55 2 232  33 .25  48 .25  62 .80  86 .00  
CC CON 5 2 224  23 .70  39 .95  58 .80  89 .35  
CC CON 30 2 268  24 .05  38 .50  55 .45  83 .70  
CC CON 55 2 258  29 .40  43 .70  58 .75  84 .00  
CC CHS 5 2 198 24 .70  43 .20  64 .80  92 .75  
CC CHS 30 2 208  32 .25  49 .55  66 .00  90 .05  
CC CHS 55 2 205  32 .55  49 .40  65 .55  90 .45  
CC NOT 5 2 167 31 .35  51 .40  73 .60  96 .60  
CC NOT 30 2 280  32 .90  49 .25  66 .95  88 .10  
CC NOT 55 2 184 37 .10  53 .70  70 .85  91 .85  
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Table D4 .  Analysis of variance procedure means for runoff 
samples from Monona ; soil 
Ifep Number MlfD FN53 FN125 FN250 FN500 
1 36 198  48 .18  66 .06  72 .91  87 .23  
2 36 175 45 .25  65 .25  73 .47  89 .97  
Rot Number MWD FN53 FN125 FN250 FN500 
BB 18 175 47 .08  66 .63  73 .92  89.58  
BC 18 194 46 .22  64 .06  72 .64  88 .11  
CB 18 192 42 .99  63.96  71 .59  88 .56  
CC 18 185 50 .56  67 .98  74 .61  88 .16  
Cult Number MWD FN53 FN125 FN250 FN500 
CON 24 226  36 .87  57 .73  66 .03  84 .90  
CHS 24 175 48 .05  67 .93  75 .97  90 .08  
NOT 24 159 55 .21  71 .31  77 .57  90 .81  
Rot Cult Number MWD FN53 FN125 FN250 FN500 
BB CON 6 203  44 .52  62 .37  70 .30  86 .75  
BB CHS 6 156 49 .32  69 .80  76 .85  91 .33  
BB NOT 6 166 47 .40  67 .73  74 .62  90 .65  
BC CON 6 239  34 .17  55 .05  63 .17  83 .83  
BC CHS 6 179 48 .62  67 .60  78 .77  90 .92  
BC NOT 6 165 55 .88  69 .52  75 .98  89 .57  
CB CON 6 208  32 .43  57 .92  66 .95  87 .03  
CB CHS 6 196 41 .45  63 .38  71 .02  88 .05  
CB NOT 6 171 55 .08  70 .57  76 .82  90 .58  
CC CON 6 256  36 .37  55 .58  63 .72  81 .98  
CC CHS 6 168 52 .82  70 .95  77 .25  90 .03  
CC NOT 6 132 62 .48  77 .42  82 .87  92 .45  
Time Number MWD FN53 FN125 FN250 FN500 
5 
30 
55 
24 178 42.93 66.88 74.46 50.04 
24  191  49 .07  64 .75  71 .90  87 .90  
24  190  48 .13  65 .35  73 .21  87 .86  
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Table D4 continued 
Rot Time No. MWD FN53 FN125 FN250 FN500 
BB 5 6 164 42 .07  70 .32  77 .48  91 .47  
BB 30 6 179 48 .20  63 .45  71 .52  88 .88  
BB 55 6 181 50 .97  66 .13  72 .77  88 .38  
BC 5 6 194 40 .75  63 .60  71 .37  88 .57  
BC 30 6 212 48 .38  64 .72  71 .78  86 .97  
BC 55 6 177 49 .53  63 .85  74 .77  88 .78  
CB 5 6 173 42 .15  66 .43  74 .13  91 .35  
CB 30 6 197 41 .52  61 .42  69 .15  87 .55  
CB 55 6 205  45 .30  64 .02  71 .50  86 .77  
CC 5 6 181 46 .77  67 .15  74 .85  88 .77  
CC 30 6 177 58 .17  69 .40  75 .17  88 .20  
CC 55 6 197 46 .73  67 .40  73 .82  87 .50  
Cult Time No. MWD FN53 FN125 FN250 FN500 
CON 5 8 217 32 .36  58 .39  67 .41  86 .76  
CON 30 8 243  38 .40  54 .54  62 .79  82 .78  
CON 55 8 219 39 .85  60 .26  67 .90  85 .16  
CHS 5 8 161 46 .31  70 .46  77 .40  91 .69  
CHS 30 8 197 47 .76  65 .18  72 .68  88 .09  
CHS 55 8 166 50 .08  68 -16  77 .84  90 .58  
NOT 5 8 157 50 .13  71 .78  78 .56  91 .71  
NOT 30 8 134 61 .04  74 .53  80 .25  92 .89  
NOT 55 8 185 54 .48  67 .63  73 .90  87 .84  
Rot Cult Time No. MWD FN53 FN125 FN250 FN500 
BB CON 5 2 197 40 .85  63 .55  73 .00  88 .40  
BB CON 30 2 217 40 .30  55 .95  64 .15  84 .35  
BB CON 55 2 194 52 .40  67 .60  73 .75  87 .50  
BB CHS 5 2 169 41 .40  71 .35  76 .55  91 .00  
BB CHS 30 2 157 51 .70  66 .90  76 .30  90 .70  
BB CHS 55 2 141 54 .85  71.15 77 .70  92 .30  
BB NOT 5 2 127 43 .95  76 .05  82 .50  95 .00  
BB NOT 30 2 163 52 .60  67 .50  74 .10  31 .60  
BB NOT 55 2 207  45 .65  59 .65  66 .85  85 .35  
BC CON 5 2 204  29 .55  59 .30  67 .40  88 .10  
BC CON 30 2 279  35 .60  51 .35  59 .70  79 .30  
BC CON 55 2 234  37 .35  54 .50  62 .40  84 .10  
159 
Table D4 continued 
Rot Cult Time No. MWD FN53 FN125 FN250 FN500 
BC CHS 5 2 158 48 .75  72 .05  79 .10  92 .10  
BC CHS 30 2 239  44 .15  64 .65  72 .35  88 .15  
BC CHS 55 2 142 52 .95  66 .10  84 .85  92 .50  
BC NOT 5 2 223  43 .95  59 .45  67 .60  85 .50  
BC NOT 30 2 118 65 .40  78 .15  83 .30  93 .45  
BC NOT 55 2 156 58 .30  70 .95  77 .05  89 .75  
CB CON 5 2 208  28 .15  57 .65  66 .85  89 .30  
CB CON 30 2 211 32 .70  55 .70  64 .90  86 .30  
CB CON 55 2 207  36 .45  60 .40  69 .10  85 .50  
CB CHS 5 2 175 42 .80  66 .20  74 .20  90 .90  
CB CHS 30 2 229  37 .20  58 .30  65 .65  84 .15  
CB CHS 55 2 183 44 .35  65 .65  73 .20  89 .10  
CB NOT 5 2 136 55 .50  75 .45  81 .35  93 .85  
CB NOT 30 2 151 54 .65  70 .25  76 .90  92 .20  
CB NOT 55 2 227  55 .10  66 .00  72 .20  85 .70  
CC CON 5 2 259  30 .90  53 .05  62 .40  81 .25  
CC CON 30 2 264  45 .00  55 .15  62 .40  81.15 
CC CON 55 2 243  33 .20  58 -55  66 .35  83 .55  
CC CHS 5 2 144 52 .30  72 .25  79 .75  92 .55  
CC CHS 30 2 161 58 .00  70 .85  76 .40  89 .15  
CC CHS 55 2 199 48 .15  69 .75  75 .60  88 .40  
CC NOT 5 2 141 57 .10  76 .15  82 .40  92 .50  
CC NOT 30 2 105 71 .50  82 .20  86 .70  94 .30  
CC NOT 55 2 150 58 .85  73 .90  79 .50  90 .55  
